Kenya: Rapid Climate Risk
Assessment and Adaptation
Investment Opportunity
Mapping

Infrastructure, Energy & Manufacturing

April 2026

o

NS

-\.;"
L 1A

i !
m,_u'"ﬂ'

i !“ ot 1

\ 4

£ A 1R R N A B

GLOBAL
CENTER ON
ADAPTATION



AUTHORS & ACKNOWLEDGEMENTS

This report was developed by
Global Center on Adaptation:

Florentina Daniela Gheorghe, Senior Adaptation Finance Specialist (project lead), Julia Eichhorn, Program Officer
Adaptation Finance, Tanim Istiaque, Senior Program Officer Infrastructure and Nature Based Solutions, Naz Beykan,
Senior Program Officer Water & Urban, Martin Garcia Perez, Program Officer Infrastructure and Nature -based
Solutions, Thu Minh Ta, Adaptation Finance Specialist, Madison Berry, Monitoring and Data Analyst. Under the
guidance of Adele Cadario, Global Leadp Adaptation Finance and Infrastructure and Nature-based Solutions.

In close collaboration with:
CGAP: Max William Mattern, Senior Financial Sector Specialist
Consultants and lead authors:

Pegasys Consulting: Daniel Seddon-Daines, Associate (project lead)/ Infrastructure, Energy, Manufacturing &
Climate Adaptation Specialist, Phillip Hull, Principle / Climate Risk Lead, Leo Quayle,Associate / Climate Risk
Specialist, Polly Hodgkins , Gender Specialist, Mehdi Mestassi, Consultant.

DESCRIPTORS

Sectors: Infrastructure, Energy and Manufacturing

Country: Kenya

Key words: national level rapid climate riskassessment, infrastructure, energy, manufacturing, climate hazards,
sensitivity, prioritized adaptation and resilience investment opportunities, private sector, commercial banks
Contact: climatefinance@gca.org

How to cite this report:

Global Center on AdaptationKenya Rapid Climate Risk Assessment and Adaptation Investment Opportunity
Mapping in Infrastructure, Energy and Manufacturing 2026. Partnership: CGAPConsulting firm: Pegasys
Consulting. Developed under the AAAP.

ACKNOWLEDGMENTS

ABOUT THE GLOBAL CENTER ON ADAPTATION

e The Global Center on Adaptation (GCA) is an internationarganisation, hosted
5, GLOBAL by the Netherlands, which works as a solutions broker to accelerate action and
vy CENTERON support for adaptation solutions from the international to the local, in

Y ADAPTATION partnership with the public and private sector, to ensure we learn from each
other and work together for a climate resilient future.

ABOUT AFRICA ADAPTATION ACCELERATION PROGRAM

.~. GCA is providing technical assistance under the Africa Adaptation Acceleratio

. A S

A&'%R(\' % /\, )\\3, Program (AAAP), a joint initiative launched by the GCA and the Africi
ST s Development Bank in 2021,

In close collaboration with: Consultants:

()CGAP ~4PEGASYS

CHANGING LIVES CHANGING WORLDS

Rapid Climate Risk Assessment and Adaptation Investment Opportunity Méappamfrastructure, Energy Manufacturing 2


mailto:climatefinance@gca.org

EXECUTIVE SUMMARY

Introduction

L f o z Wnfrastiucture, Energy, and Manufacturing (IEM) sectors are central to its economic
transformation and inclusive development agenda yet they face growing exposure to climaterelated

hazards that threaten asset integrity, service delivery, anceconomic productivity. Rising temperatures,

changing precipitation patterns, and more frequent extreme events are already affecting coastal zones,
urban centres, and key transport and energy corridors, increasing the probability of costly disruptions to
power, logistics, and manufacturing production. As Kenya pursues industrialisation and rapid urban
expansion, aligning investment with climate resilience is essentialto safeguard development gains and

to attract private capital into adaptation-ready infrastructure and enterprises. This report is intended for

local and international investors, Commercial Banks, development finance institutions, and other
financiers seeking to expand privatesector participation in climate adaptation financing in Kenya

There is clear evidence that the sectorsof Infrastructure, Energy, and Manufacturing are priority sectors
for attracting private finance in Kenya: (i) Infrastructure systems face high exposure, with major road and
rail corridors intersecting flood-prone basins and coastal zones, and urban drainage systems already
overwhelmed during heavy rainfall events (ii) Energy systems remain vulnerable to hydtogical variability,
with hydropower representing around 30% of installed capacity and highly sensitive to drought and
shifting rainfall patterns, while transmission lines face increasing exposure to heat, wind and wildfire
hazards (iii) Manufacturing is a major employer and borrower segment for Kenyan bankgapproximately
16% of loan books) with key subsectors such as food and beverage, textiles, and nometallic minerals
highly sensitive to heat stress, water scarcity, and supply chain disruptions. These sectors therefore
combine high climate risk, high economic importance, and strong potential for commercially viable
adaptation investment.

Climate Hazards and Sensitivities

Extreme heat is projected to intensify across Kenya with both acute and chronic exposure increasing.
Maximum ebj mz! uf ngf sbuvsft! xjui! b! 218zfbs! sfuvso!
scenarios for 2041p2060. Chronic exposure, measured as the number of days exceeding 35C, is also
projected to increase substantially. Projected increases in chronic exposure show several regions
experiencing 20p60 additional days above 35°C, with the strongest warming in central and coastal
counties. Peak temperatures during extreme events are projected to rise by @3 °C, creating conditions
for widespread thermal stress affecting workers, infrastructure, and industrial processes.

Kenya isalso experiencing more intense rainfall events, with projections showing higher maximum daily

qf sj pe

sbjogbmm! bdsptt! nbkps! Ciiesbuch ad NawobisKistmu,azd'Mombask wilf seeu v s z / !

significant increases of 20-40%in maximum daily rainfall between the baseline period (1996 2005) and
the projected period (2040p 2060); while the baseline and projected distribution of acute exposure to
fyusfnflqgsfdjqjubujpo!ijhimjhiu! uibu! sbjoghbmm!
expected to rise. These shifts point to a future of more frequent pluvial flooding, particularly in dense
urban areas where drainage systems are already under strain and people are living within floodplains

Riverine floodingis another major hazard, with baseline flood maps and projections from WRI Agueduct

efquit

showing extensive exposurewithin Lf oz b! t ! g s j o djThebamalyssjhighfights flodd texteats / !
gps! 2%jos61lszfbs! fwfout-! xjui! gspwj odfmtof flogdgates j f odj oh

These maps show that river flooding will intensify under RCP4.5 scenarios for 204p 2060, expanding the

tqbuj bm! gppuqsj oes! ThegHazgrch s gandentratpdoafongfpo bt mzj oh! sj wf s! wbn

floodplains, where exposure to fluvial flooding is expected to increase significantly over time.

Tfbtmf wfm! sjtf! based dfptbft wb!md mgtmpfprejj d'hs j t | tThebamaysish !

identifies exposure zones less than 5m above sea level, using JAXA digital elevation data. These zones

1 For the purpose of the analysis, Infrastructure was disaggregated into 5 subsectors (Transport; Housing; Water and Wastewater;
Solid Waste Management; ICT and Telecommunications), hence creating a total of 7 sectors for the analysis (with Energy and
Manufacturing). The full IEM scope and sectors are presented in the Introduction section.
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extend across Kwale, Kilifi, Lamu, and the Tana Deltawhere storm surges and rising groundwater tables

bsf! gspkfdufe! up! qf ofusbuf! gvsuifs! jomboe/! Ui f! ib{bs
magnifying chronic inundation and shoreline erosion. Salinity intrusion into freshwater systems is also
mjol felup!tfbtmfwfm!sjtf-!Ixjuildpbtubm!brvjgfst!jodsf

Drought conditions are expected to worsen, driven by reduced precipitation and higher
evapotranspiration. The analysis presents projected declines in the Standardised Precipitation
Fwbgpusbotqgj sbuj po! Jp2060y showimgprolosgad3water gsipess! aGrdsS major
catchments. The hazard is concentrated in central anchorthern Kenya where rainfall variability combines
with rising temperatures to reduce seasonal water availability.Drought risk is spatially distributed across
key river basins and agricultural zones with projections indicating more frequent and severe dry spells.

Extreme windeventsb s f ! b! sfdvssjoh!ib{bse-!nfbtvsfel! wijThe! qf bl ! h
analysis shows the baseline and projected distribution of exposure to high wind speeds, highlighting areas
xifsflhvtut! bsf! fygfdufel!up!joufotjgz! cztoastakahdd f ouv s z
arid regions, where wind speeds are highestFire riskis alsorisingingf sj tvscbo! boe,wihf hf ubuf
hotter and drier conditions increasing the likelihood of uncontrolled bushfires, with projections indicating

greater spatial distribution of wildfire exposure by 2040p 2060.

Emerging Climate Risk Narratives

The combined effect of rising temperatures, intensifying rainfall, coastal pressure, and declining seasonal

water reliability gives rise to three climate risk storiesui bu! t i bgf ! Lf ozb! t. These@rgqgubuj po!
explored below. The implications for adaptation response options inhousing and manufacturing systems

have also been flagged, as two priority sectors withparticular relevance forCommercial Banksin Kenya

1 Power systems strained by shifting rainfall and rising heat.L f ozb! t ! f mf dusj dj uz! nj
driven by geothermal energy (+40%), which accounts for the largest share of electricity
generation and provides a relatively stable source of base load power supply. However,
hydropower remains an important component of the grid (~25%), making overall system
reliability partially dependent on rainfall patterns and reservoir levels. Prolonged droughts and
shifting rainfall in central and northern catchments are projected toreduce river flows and water
storage, limiting hydropower output during dry periods.At the same time, rising temperatures are
expected to increase the frequency of extreme-heat days above 35°C, which can reduce the
efficiency of thermal backup generation and accelerate wear on transmission and distribution
infrastructure. Industrial hubs such as Nairobi and Eldoret, whichrely on consistent grid supply,
face heightened risks of outages and production losses. This combination of hydrological
variability and heat stress creates systemic vulnerabilities for manufacturers, households, and
utilities, with knock-on effects for credit performance and operational continuity.

1 Flooding and coastal pressures reshaping urban and housing resilience ! Lf ozb! t ! nbkps! dj
already experiencing more intense rainfall events, with Nairobi, Kisumu, and Mombasa seeing
increases of up to 40% in maximum daily rainfall compared to historical baselines. Urban
drainage systems are frequently overwhelmed, leading to pluvial flooding in informal settlements
cvjmu! po! gmppegmbjot! ps! sfdmbjnfe! xfumboet/ ! Bmp
addf mf sbuf!uispvhilnjetdfouvsz-!xjui!mpxtmzjoh! bsf
risk of chronic inundation and shoreline erosion. Rising groundwater tables and salinity intrusion
further compromise freshwater supplies. These combined pressures make flooding and coastal
i b{bset! blefgjojoh!sjtl!esjwfs!gps!Lfozb!t!ipvtjo
where construction standards are weak and drainage is poor.

1 Escalating heat stress undermining productivity and social infrastructure. Projected warming
bdsptt!Lfozb!xjmm!tibsgmz!jodsfbtfluiflovncfs!pg!
and coastal cities. Informal settlements with corrugated metal roofing and poor ventilation trap
heat, creating indoor conditions that exceed outdoor temperaturesby 3p5 °C and heighten health
risks. Schools, health facilities, and community centres are also exposed, with limited cooling
infrastructure to protect vulnerable populations. In manufacturing, high internal heat loads in food
processing and textiles combine with ambient heat to reduce worker productivity and increase
bctfouffjtn/!Bhsjdvmuvsbm!tvggmz!dibjot!bsf! bmtp!
both drought and heat stress that undermine textile manufacturing. Rising temperatures
therefore pose adual challenge: reducing labour productivityin sectors including manufacturing
and agriculture,x i j mf ! bddf mf sbuj oh! nbufsj bm!efhsbebujpo!jo
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Priority Sectors for Adaptation Investment

The analysis identified Housing and Manufacturing as the two most relevant sectors for adaptation for
Kenyan Commercial Banks. This was based on the () concentration of commercial bank lending today
(ii) assessment of future commercial bank lending, driven by policy, regulation and political commitments
(i) the impact potential of lending to these sectors from the perspective of genderresponsive and
inclusive adaptation outcomes. These two sectors represent key concentrations of climate risk for
Commercial Banks but simultaneously opportunities to play a catalytic role in buildingKenyanresilience.

Adaptation opportunities in the Manufacturing sector fall into three categories:

1. Opportunities to mitigate drought risk and its impact on energy production and processing by
accelerating deployment of energy alternatives and water storage techniques These include:

o Rainwater harvesting, which offers a direct means of mitigating drought impacts on
water supply.

0 Microgrids expanding localized, climateresilient electricity access for industrial zones
and areas underservedby the grid.

0 Combined PV + Battery Energy Storage Systems (BESS)vhich store solar power for
peak use, improving reliabilityof the grid.

2. Measures that help protect manufacturing assets from floods and sea-level rise: Flood risk
management measures for coastal areas

0 Hydraulic infrastructure upgrades including culverts, stormwater drains, reinforced
di boof mt - ! b,oveidh ugn |ghificintlyueduce flood frequency and duration in
manufacturing zones

o Fygqboejoh!pottjuf! xbsf i pyv tojwahstanb tbagspost Hetaysn
buffer against supply chain shocks, maintain production continuity, and reduce inventory
losses during climate events.

3. Manufacturing solutions that manage extreme heat risks: Reducing the workforce's exposure to
extreme heat, protecting output, productivity and workers health with benefits for retention and
reduction in sick-days. These include

o I fbussftjmjf oulindudijgmesplaiidn] refldctivg moofing, and natural
ventilation, which are passive, cost-effective strategies to reduce indoor heat stress

o Fofshzsfggjdjfou!joevt,wschibanded gpgradingtd rhobeone
HVAC systems, installing evaporative coolers and industrial fans to stabilise indoor
temperatures, protect sensitive equipment, and significantly reduce the risk of
i fbutsf mbufe!j mmoft:t

bufsjbr

I wf ouj

o Dpme&tdibjo! jngspwfnf out,!whggh sdnsists bftlatcanbioatignu j wf ! j o

of advanced technology, process optimization, and sustainable practiceso enhance

efficiency, safety, and resilience (reducing dpme&di bj o! mipg hdatt - ! qsf w
contamination, and allowingt ubgg! up! spubuf! joup!dppmfel! {poft
directly protecting both workers and production).
Climate adaptation in Housing focuses on enhancing overall climate resilience, as well health and safety
risk reduction through six complementary pathways:
1. Mfbtvsft!uibu!sfevdf!uiflipvt,ijwbhidhintiddups!t! fyqptvs

0 Sustainable Urbain Drainage Systems (SuDJ green infrastructure solutions to help
manage stormwater by slowing and infiltrating runoff

0 Mangrove and coastal ecosystem restoration (Naturebased coastal defense)to reduce
tidal surge impacts, and naturally protect coastal areas from flooding and erosion

2. Measure for sea level rise adaptationto address risks faced byL f o zdodstal settlements. This
includes:

0 Using structural waterproofing techniques (such as cement-stabilised masonry, sealed
renders, damp-proof courses, and gasketed doors and windowg to create a barrier
against tidal inundation and surge-driven water ingress.

3. Opportunities for adaptation to extreme heat, which pose serious health and safety risks, and in
some cases fatalities. These include:

Rapid Climate Risk Assessment and Adaptation Investment Opportunity Méappamfrastructure, Energy Manufacturing 5



o Passive and efficient cooling (such as reflective roofing, ceiling fans, insulation, shading
devices, and natural ventilatior) to help moderate indoor temperatures without heavy
energy use

o0 Solar-Powered Cooling and Ventilation Systemswhich offer resilience benefits while
mf wf sbhjoh!Lfozb!t!bcvoebou!tpmbs!sftpvsdft

o Targeted HVAC in critical or communal buildings (such health facilities & daycare
centers) to reduce heat stress, protect health, and maintain comfort during extreme heat

4. Opportunitiestof oi bodf ! ui f!l i pvtjoh! tf dugndBuidlorbsigebngterb uj po! u
reserves, which include:

o Fire-Resistant building materials and retrofits, which arenon-combustible materials that
can help strengthen housing resilience against wildfire

0 Local water reserves such as household water tanks and community hydrants, which
provide immediate firefighting resources and complement the use of fire-resistant
building materials and retrofits.

5. Opportunity to address storms and high winds, which includes:

o0 Wind-resistant building materials and improved roof fixings, including clips, straps, and
enhanced anchorage systems. These measures significantly reduce the risk of roof uplift
and structural damage during high wind events

6. Cross-cutting financial tools & risk intelligence measuresto enhance overall sector resilience.
These include:

o Housing improvement micro-finance (loans) for climate resilience upgradesto support
renovation works such as support roof fixing, floor improvements, structural
reinforcement, water-resistant retrofits, and sanitation upgrades; and serve to formalize
land titles.

o Multi-hazard early warning systems (flooding, fire, storms) & Digital Alerts which are
subscription-based or serviceoriented digital alert platforms tailored for homeowners,
residential communities, and housing associations, providing realtime warnings for
floods, storms, fires, and heat.

Lfozb!t! hfoefs! frvbmjuz! bo e teitfqcdy thenrhppriandanos priprpging ) HF T J * !
adaptation in housing and manufacturing. Women represent only 1§ 17% of formal manufacturing
xpsl fst! boe! sfnbjo! dpodfousbufe!jo! mpxtxbhf-1jog
Around 50p60% of Ng spcj !t ! sftjefout! mjwf!jo!jogpsnbm!tfuu
coverage (~18% in major cities), heightening exposure to flooding and heat. Youth aged 1534 constitute
468&! pg! uif! gpgvmbuj po! boe! bddpv olwyedywith manp wonkingnia ! ux pb ui

psnb
mf nf

dmjnbufsttfotjujwf! jogpsnbm! kpct/ ! Qf stpot! xjuil! ejtbc]j
persistent accessibility barriers in transport, buildings, and industrial areas. These inequalities mean that
adaptation investments,gbsuj dvmbsmz! ui ptf! jngspwjoh! fofshz! sfmjb

and decentralised power, can deliver significant resilience, safety, and productivity gains for women,
youth, and other marginalised groups.

Ui ftf! bebqubujpo! gsjpsjujft! bmtp! bmj ho!The Natpralh mz! xj u
Adaptation Plan (NAP 201%2030) identifies water resources, energy, manufacturing, human

settlements, and coastal zones as priority sectors requiring urgent resilience investment, with explicit

emphasis on improving drainage, strengthening indistrial water security, and protecting coastal

settlements from sea-mf wf m! s j apfated NODC@@3bH-2085) commits to scaling renewable energy

and promoting energy-efficient technologies - directly supporting PV-BESS, microgrids, and heatesilient

manufacturing design. The NDC also prioritises climateresilient housing, including flood resilience,

particularly in informal settlements. Both the NDC and NAP highlight the need to strengthen earkwarning

systems and expand access to climate-risk information for vulnerable groups. By targeting manufacturing

boe! ipvtjoh-!tuif!tpmvujpot! jefoujgjf edtgnal bdaptafion! sf qp s u
gsjpsjujft! boe! sf j o-geprsdratdgyufor fresilien, vinclusvez artd ! climgtesrart

development.

Report Structure and Next Steps

The findings from this analysis provide a foundation for understanding how climate risks intersect with
Lfozb!t!jogsbtusvduvsf -1 f ofTlselfiokowihgseciéohsrofihe vegolt eéxaminej oh! t z t
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in greater detail the spatial distribution of hazards, sectoral sensitivities, and the implications for key
economic assets. They also present the evidence base and prioritization process that guided the
identification of adaptation opportunities, highlighting where targeted investments, particularly in housing
and manufacturing, can enhance resilience, safeguard economic growth, and create pathways for
inclusive, climate-smart development. Many of these interventions are technically maturing and show
strong potential to be commercially viable- ! b mj hoj o h! x j-eedndmic fdeveloprhent lpriofitielsj p
while offering tangible entry points for private finance.
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INTRODUCTION & BACKGROUND SETTING

Project contexand objectives

This report forms part of a multi-phase assignment commissioned by the Global Center on Adaptation
(GCA)to identify and scale climate adaptation investment opportunities within infrastructure, energy and
manufacturing sectors in Tanzania, Kenya, Zambia, and the Democratic Republic of the Cong®@RC)

The overall aim of theassignment is to generate a robust evidence baseon climate risks, identify a range

of viable adaptation investment solutions, and position private finance to play a catalytic role in

strengthening resilience across these countries.Recognising that private finance includes a diverse range
of institutions with differing characteristics this study focuses on domestic Commercial Banksin the four

countries of analysis.

This report focuses on Kenyaand captures analysis from Phase 2 of theassignment, building on Phase-

I Inception. It brings together a spatially explicit climate risk analysis, the identification of key

infrastructure systems, and themapping of relevant adaptation solutions. This analysis connects hazards

with sector specific sensitivities in infrastructure, energy and manufacturing sectors in each country,

before analysing spatial exposure and then seeking to match risks with adaptation solutions that are

technically mature, locally relevant, productivityenhancing, genderresponsive and socially inclusive.In

doing so, the assignment recognises that climate risks and adaptation opportunities are not experienced
equally and seeks to identify solution pathways that deliver both resilience and inclusion benefits.

Insights from this phase directly feed into the remaining deliverables.Phase 3 will quantify the market
opportunity size for a set of shortlisted solutions, map value chains in greater detail, and assess the
market structures that will influence uptake. Phase 4 will explore their financial and commercial viability,
exploring whether they present a compelling business case forCommercial Banks. Finally,Phase 5will
synthesize evidence from climate and market analysis through to RO| into a set of investment briefs to
help GCA financial institutions and other interested stakeholdersscale private-sector adaptation finance.

By clarifying the risks, exposures, and most promising solution pathways, this reportserves as the
analytical backbone for the phases that follow, ensuring that market sizing, financial analysis, and strategy
development are firmly grounded innational level climate realities.

Report Structure

This report captures the assignments findings for Kenya. A summary of our approach to the technical
climate risk analysis is provided in Approach and Methodology, including details on methodological
limitations and sources agreed on inception of the project. A succinct framing of the key Gender,Equity
and Social Inclusion context, and its relevance for the assignmenis also providedin Chapter 2.

The report is then broken down intothe following sections.
1. Climate Hazard Mapping

Establishes the climatological baseline and forwardlooking projections, covering major hazards

such as extreme temperatures, droughts, and floods. It highlights where these hazards occur
across regions and provinces, comparing reference periods (198¢2005) with mid-century

projections (2041p 2060) under RCP 4.5 and RCP 8.5 scenarios.

2. Sector Sensitivity Analysis

Identifies the key systems within each sector and lreaks these down to identify key sub-
systems and nodes. Thenodes are then analysed againstkey climate hazards to identify levels
of vulnerability at the nodal level.
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3. Assessing Infrastructure, Energy and ManufacturingRisk Pathways

Uses the identified levels of system sensitivity and exposure to climate driven hazardsin the
seven core subsectors of Infrastructure, Energy and Manufacturingto map out the key system
level risksand provides sub-sector analysis.

4. ldentifying Climate Adaptation Solutions

Identifies adaptation solution themes and specific interventions relevant to the priority system

risks. This section applies a structured prioritisation framework to filter solutions based on

technical maturity, commercial viability,g p mj dz! t v q q p s @&and pateptialdop impast! t ! gj u -
and gender,resulting in a shortlist of opportunities

Approachand Methodology

The Climate Risk and Vulnerability Assessment (CRVAundertaken for this assignment, is a rapid climate

hazard, exposure, and sensitivity analysis of selected IEM subsectors iKenya. It is designed to provide

a robust analytical foundation for identifying a strategically focused and investable portfolio of climate

adaptation opportunities across these subsectors. The primary aim of the CRVA is to identify
opportunities that:

I Address tangible climate vulnerabilities within critical IEM systems, ensuring that interventions
target real and pressing risks;

1 Demonstrate clear commercial potential, offering viable investment opportunities for both private
sector actors and development finance institutions; and

1 Align with national adaptation priorities while remaining consistent with the mandates and
operational frameworks of international financing entities.

In line with the guidance of the GCA, the CRVA applies a dual adaptation framingncluding:;

1 Adaptation of assets p interventions that enhance the resilience of infrastructure energy,
manufacturing systems themselves against climate-related hazards; and

1 Adaptation through assets p investments that deliver broader climate resilience benefits across
people, systems, and value chains.

While both approaches are considered, the CRVA places primary emphasis on adaptation through assets,
focusing on interventions where climate-smart investments can generate system-wide resilience
dividends, strengthening the broader operational and socieeconomic environment.

The methodology integrates a top-down climate hazard analysis with bottom-up assessments of system
vulnerability and investment potential. This hybrid approach enables the identification of adaptation
measures that are simultaneously:

1 Climate-informed, reflecting current and projected hazard dynamics; and
1 Commercially viable, providing a strong basis for investment prioritisation.

Bridging climate risk assessment and investment planningwill ensure that the CRVAinforms adaptation
opportunities are not only technically sound but also actionable and aligned with both policy frameworks
and market realities.

Analytical Framework

The CRVA is based on the conceptual framework of climate risk defined by the Intergovernmental Panel
on Climate Change (IPCC, 2021), which describes climate risk as the interaction between climatelated
hazards, the exposure of systems or assets, and th& vulnerability to these hazards. Hazards, exposure,
and vulnerability are dynamic, varying in magnitude, likelihood, and over time due to socieconomic
conditions and human decision-making. This framework emphasizes that climate risk is best understood
as the combined effect of these three interlinked components, as illustrated inFigure 1.
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Figure 1: IPCC Conceptual Framing of Climate Risk as a Combination of Hazards, Exposure, and Vulnerability
Source: IPCC ARG, Report of WGII on Impacts, Adaptation, and Vulnerability, 2022

For the purposes of this CRVA, the following definitions have been applied:

1 Hazardp The potential occurrence of a climate-related event or trend that could negatively affect
people, infrastructure, ecosystems, or services. In the context of this study, hazards includdirect
climate variables (such as precipitation, temperature, and wind) as well assecondary impacts
relevant to the IEM sectors, including flooding(fluvial, pluvial and coasta), landslides, drought,
heat stress, and fire risk.

1 Exposure p The presence of IEM assets and systems (such as power generation and
transmission infrastructure, transport networks, water supply and wastewater systems,
manufacturing facilities, and ICT networks) in locations that could be impacted by the identified
hazards. Exposure is assessed throughspatial analysis, mapping where critical assets intersect
with hazard-prone areas, including floodplains, droughtprone regions, and geologically sensitive
slopes.

1 Vulnerabilityp The susceptibility of IEM assets and systems to be adversely affected by hazards,
influenced by factors such as design, construction quality, operational practices, maintenance
standards, and adaptive capacity. Vulnerability analysis evaluates how sensive these
components are to identified hazards and their ability to withstand or recover from climate-
related impacts.

Methodological Structure

The methodology for this CRVA is structured around four interconnected and mutually reinforcing
components, designed to systematically assess climate risk and identify actionable adaptation
opportunities across the IEM sectors. These components provide a ¢ear analytical pathway from hazard
identification to investment prioritisation, ensuring that proposed interventions are both climate-informed

and commercially viable. The four components are:

1. Climate Hazardand ExposureAssessment p Characterising the nature, frequency, intensity, and
spatial distribution of climate -related hazards relevant to the IEM sectors. This step establishes
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the foundation for understanding where and how climate events may impact key assets and
systems.

2. Sensitivity Analysis (Sectop SystempNode Framework) p Mapping out the sensitivity of each
sector, system, and individual node to these hazards. This framework enables a detailed
understanding of which components are most vulnerable and why.

3. Risk Pathway Analysisp Evaluating how exposure and sensitivity combine to produce climate
risk, including the identification of critical vulnerabilities, cascading effects across interconnected
systems, and potential points of systemic failure. This step provides insight intowhere resilience
building interventions are most needed.

4. Opportunity Identification and Investment Prioritisation p Translating the risk assessment into
actionable adaptation opportunities for key elements of Infrastructure, Energy and Manufacturing
of relevance for Commercial Banks. This component involves identifying interventions that
strengthen system resilience and prioritising them based onrelevancefor conditions in Kenya

Each of these components is described in detail in the sections that follow, illustrating the comprehensive
and integrated approach used to link climate risk assessment with practical adaptation planning and
investment decision-making.

Climate Hazard Assessment

A rapid but spatially robust climate hazard analysis was undertaken acrossKenya, focusing on hazards
with the greatest relevance to IEM systemsin the country. The assessment integrates historical baselines,
current hazard dynamics, and future projections to identify areas where climaterelated risks are
intensifying and where they intersect with key infrastructure, energy, and manufacturing assets.A
summary of the climate hazards and the justification for their selection is provided inTable 1.

Table 1: Hazards Assessed and Justification

Hazard Type Description and Justification

Extreme Characterized using mean maximum daily rainfall and 25year return period

Precipitation and | maximums, this hazard captures intense rainfall events that can overwhelm urban

Pluvial Flooding drainage systems, leading to pluvial flooding and flash floods. These events pose
significant risks to infrastructure such as roads, bridges, and wastewater systems,
which are critical for industrial operations. In the energy sector, heavy rainfall can
damage substations and disrupt power distribution. For manufacturing, flooding
can halt operations, damage equipment, and interrupt supply chains.

Fluvial Flooding Based on JRC flood maps (baseline) and WRI Aqueduct projections (future), this
hazard addresses riverine flooding. It is particularly relevant for infrastructure
located near rivers or in lowlying urban areas. Transport networks, housing, water
supply, wastewater treatment, and hydropower facilities are vulnerable. Flooding
can damage roads and ralways, disrupt energy generation and transmission, and
affect manufacturing facilities through inundation and logistical delays.

SealevelRise Sealevel riseis an important secondary impact of climate change and can impact
and Coastal any infrastructure of resources located in low-lying areas along the coast and
Flooding along estuaries. A rise in sea level also means thatcoastal flooding impacts

related to storm surges will extend further inland, as will rising groundwater tables
and salinity impacts on freshwater resources. This is assessed using a assumed
impact zone of land which is less than 5m above sea level The Japanese
Aerospace Exploration Agency JAXA) digital elevation model (DEM) is used to
identify this zone.

Extreme Heat Assessed using acute heat (1Gyear return period maximums) and chronic heat
(annual days >35°C). High temperatures reduce the efficiency of thermal and
hydropower systems, increase cooling demands, and accelerate wear on electrical
components. In manufacturing, heat stress affects worker productivity, increases
operational costs due to cooling needs, and shortens the lifespan of sensitive
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machinery. Infrastructure such as roads and rail systems may suffer from thermal
expansion and material degradation.

Drought Evaluated using accumulated annual precipitation and the SPEL2 index to
identify prolonged water stress. Drought directly impacts hydropower generation
by reducing reservoir levels and river flows. In manufacturing, water scarcity can
disrupt processes that rely on water for cooling, cleaning, or as a raw material.
Drought also affects agriculture-based supply chains, which feed into agre
processing and food manufacturing industries. Infrastructure dependent on water
availability, such as sanitation and cooling systems, is also at risk.

Extreme Wind Measured via peak gusts with a 25year return period, this hazard is relevant for
above-ground infrastructure such as transmission lines, telecommunication
towers, and industrial facilities. High winds can cause structural damage, topple
pylons, and disrup energy distribution. In manufacturing zones, wind damage can
affect warehouse integrity, logistics hubs, and outdoor storage areas, especially
where wind-resistant design standards are lacking.

Fire Risk Assessed using climatic dryness indices and historical fire occurrence data. Fire
risk is particularly relevant in periurban and rural zones near vegetated areas. Fo
energy infrastructure, wildfires can damage transmission lines, substations, and
fuel storage facilities. In manufacturing, fires pose a direct threat to facilities
located near combustible vegetation or reliant on biomass inputs. Fire risk also
compounds other hazards by reducing air quality and increasing operational
downtime.

The CRVA relies on a combination of higkresolution historical data and regional climate projections to
characterise climate hazards and inform risk analysis across the IEM sectorsBaselineclimate conditions

(1986p 2005) and historical climate conditions were derived from a suite of reanalysis and satellitebased

observational datasets, providing spatially continuous and consistent representations of key climate
variables across the study countries. Specifically:

1 CHIRPSp High-resolution precipitation data (0.25°) used to quantify rainfall patterns, extreme
precipitation events, and drought occurrences.

i CHIRTSDaily p Temperature data (0.25°) employed to assess heat extremes and longerm
temperature variability.

1 ERA5 Reanalysisp Wind and additional meteorological variables, providing comprehensive
coverage of atmospheric dynamics relevant to hazard assessment (e.g., extreme wind events,
storms).

These baseline datasets establish a robust reference against which current and projected climate
conditions can be compared, forming the foundation for exposure and vulnerability analyses.

Future climate projections (2041p2060) were obtained from the Africa CORDEX ensemble, consisting of
16 bias-corrected regional climate model simulations under both RCP4.5 (medium emissions scenario)
and RCP8.5 (high emissions scenario). These projections provide:

1 Spatially detailed estimates of future changes in temperature, precipitation, and other variables;
1 Multi-model ensembles that capture uncertainty and variability across models; and
1 Inputs suitable for evaluating sector-specific and cross-sectoral climate risks.

All spatial analyses were conducted at the provincial or equivalent administrative level, enabling direct
alignment with existing investment planning, infrastructure mapping, and national adaptation

frameworks. This approach ensures that hazard and exposue data can be practically applied for

prioritising interventions and investment opportunities in the IEM sectors.

By combining historical baselines with ensemblebased projections, the CRVA captures both current
exposure patterns and emerging climate risks, supporting evidencebased adaptation planning and risk
informed investment decisions.
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Sector SystenfNode Sensitivity Assessment

To capture the complex interdependencies and multidimensional nature of climate risk, the CRVA
employs a hierarchical assessment framework that evaluates risk at three interconnected levels:

il

Sectors p The broad economic or service domains under study, namely Energy, Infrastructure,
and Manufacturing.

Systems p Major operational components within each sector, such as Power Generation,
Transport Networks, or Water Supply Systems.

Nodes p Specific assets or critical points within each system, for example reservoirs, substations,
road surfaces, or data centres.

Each node is assessed for sensitivity to identified climate hazards through a combination of:

f
f

Literature review, to draw on sectorspecific research and global best practices;

Sectoral datasets, providing information on asset locations, design, and operational
characteristics; and

Expert judgment, leveraging incountry and regional expertise to interpret hazard impacts and
sectoral vulnerabilities.

A description of each of the sectors as well as the systems and nodes thatform part of this analysis is as

follows:

Energy Sector

The energy sector analysis is structured around three primary systems: generation, transmission, and
distribution. Within generation, multiple technologies are considered as separate suksystems, reflecting
the diverse energy mix across the study countries

f

Hydropower p Evaluated at the level of catchments, reservoirs, and generation infrastructure,
considering risks such as variable rainfall, drought, and flooding.

Solar p Assessed for insolation patterns, panel efficiency, and inverter systems, including the
impacts of extreme heat and dust.

Thermal (coal, diesel, natural gas)p Focused on plant infrastructure, cooling systems, and fuel
supply, accounting for heat stress, water availability, and operational disruptions.

Wind, Geothermal, and Bioenergyp Included as relevant per national context, with sensitivity
assessments tailored to location-specific hazards.

Infrastructure Sector

Given its diversity, the infrastructure sector is disaggregated into subsectors most relevant for climate
adaptation investments:

il

Transport p Roads, railways, ports, and harbours, including supporting structures such as
bridges, culverts, and stormwater systems.

Housing p Affordable and social housing, with attention to building materials, structural
resilience, and occupancy vulnerability.

Water and Wastewater p Water supply networks, wastewater treatment, desalination plants,
stormwater management, and flood protection infrastructure.

Solid Waste Management p Collection, recycling, landfills, and wasteto-energy systems,
including transport routes and disposal sites.

ICT and Telecommunicationsp a) Mobile Networks b) Core Networks, Data Centres and Network
Operations Centres c) Transmission and Backhaul including fibre optic cables and cable landing
stations.
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Manufacturing Sector

The manufacturing sector is analysed along the full production and supply chain, with nodes assessed
for sensitivity to climate-related hazards that could disrupt operations or supply continuity:

1 Raw Material Acquisition p Agricultural, forestry, and mining inputs, including dependence on
climate-sensitive production areas.

1 Processing and Fabricationp Industrial processes, assembly lines, and manufacturing facilities,
with focus on heat stress, water availability, and operational resilience.

1 Distribution p Storage, packaging, and logistics networks, including transport routes and storage
facilities susceptible to flooding, extreme heat, or other hazards.

A generic model of a manufacturing system (Error! Reference source not found) illustrates the typical
flow from inputs to outputs, highlighting critical nodes that are particularly vulnerable to heat stress, water
scarcity, and supply-chain disruptions. This model provides a practical basis for assessing systemic risk
and prioritising climate adaptation investments across manufacturing operations.

node
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Figure 2: Generic model of a manufacturing system illustrating inputs, processes and outputs

Risk Pathway Analysis

Building on the preceding hazard exposureand sensitivity assessments, the CRVA evaluates vulnerability
pathways across IEM systems to understand how climate hazards translate into systemlevel risks. This

analysis provides insights into where and how climate impacts can disrupt critical operations, identifying

opportunities to strengthen resilience. The key analytical stepsinclude:

1. Assessing Vulnerability Pathwaysp Focus has been given towards understandinghow specific
climate hazards, such as extreme rainfall, prolonged drought, and heat stressaffect the
functionality and performance of IEM systems. For example, reduced rainfall can lower
hydropower generation, while extreme heat may reduce the efficiency of thermal power plants.
The assessment also considers how disruptions in one system can cacade across sectors,
amplifying risks, for instance, electricity shortages in the energy sector can affect water pumping
and treatment, transport operations, and manufacturing processes. Additionally, the analysis
identifies feedback loops and compounding effects, where initial failures in one part of the system
exacerbate vulnerabilities elsewhere, highlighting the interconnected nature of systemic risk.
Beyond internal sectoral linkages, the assessment examineswhere relevant transboundary
dependencies and systemic vulnerabilities. [IEM systems and networks depend on regional
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systems and cross-border infrastructure corridors, meaning that climate-related disruptions
beyond national borderssuch as flooding, drought, or infrastructure damagecan therefore create
cascading effects on domestic systems, influencing connectivity, supply reliability, and service
continuity.

2. Overlaying Hazard and System Data Spatial overlays of hazard intensity and the locations of
critical systems and nodes were used to identify exposure hotspots where assets face elevated
climate risk. This high-level analysis provides a basis for prioritising adaptation interventions in
the areas most vulnerable to climate hazards.

3. ldentifying Resilience Gaps- The CRVA evaluates reliability and efficiency risks associated with
climate hazards, including potential service interruptions, operational downtime, and supply chain
impacts. At a high level, it also identifies critical points of failure where disruptionscould have
significant socio-economic consequences, such as major transport corridors, energy
infrastructure, or water systems.

4. Quantifying Systemic Risk - The CRVA considers multihazard exposure and sectoral
interdependencies to understand how risks may extend beyond individual assets. This approach
highlights key cross-sectoral vulnerabilities and provides a riskinformed basis for prioritising
adaptation measures that strengthen resilience across systems and sectors.

This structured approach allows the CRVA to move from identifying hazardprone locations to
understanding how climate events affect system performance, and ultimately to prioritising interventions
that reduce both localized and systemic climate risks across the IEM sectors.

Opportunity Identification and Investment Prioritisation

The final stage of the CRVA translates the vulnerabilities identified across IEM systems into practical
adaptation investment opportunities. This process focuses on pinpointing interventions that not only
enhance climate resilience but also offer commercia benefits. This includes determining where strategic
interventions can strengthen system resilience, such as diversifying energy sources with renewables,
mitigating the impacts of heat stress on key sectors, or incorporating flood- and climate-resilient designs
into housing or transport.

Recognising that the energy, infrastructure, and manufacturing sectors are deeply interconnected, the
CRVA includes a crosssectoral analysis to map how vulnerabilities in one system (e.g., electricity supply)
can cascade into others (e.g., manufacturing goduction or transport reliability). Understanding these
interdependencies is critical to designing resilient and bankable adaptation investmentsthat address
systemic risks rather than isolated vulnerabilities. This relationship is illustrated in Figure 3.

Manufacturing

Examples:
Electricity required for crop irrigation.

Examples:
Reoads and rail infrastructure to transport raw
materials and goods

Electricity required for operation of

manufacture machinery. Water and waste requirements met through

pipeline and treatment infrastructure

Examples:
Electricity required for lighting and operation
of water purification and waste treatment

Examples:
Dam infrastructure required for hydropower
generation

Figure 3: lllustration of the interconnectedness of the three focal sectors
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Data Sources and Limitations

The CRVA forKenyarelies primarily on existing datasets and secondary literature; no new downscaling
or primary data collection was undertaken. Spatial consistency and quality were maintained through
cross-validation of global and regional datasets. However, key limitatios include:

1. Variable data resolution across counties and regions- This introduces variability in how precisely
i b{bset!dbo!cf!dibsbdufsjtfelbultvcsobujpobm!tdbmi
gsbnfel bu! obujpobm! ps!gspwjodjbm! mfwfmt! sbuifs! ui
this means the assessment is designed to identify priority adaptation themes rather than
gsftdsjqujwf! mpdbujposttqgqfdjgjd!joufswfoujpot/!

2. Limited local-scale hazard validation data - Sparse and inconsistent groundbased
nfufpspmphjdbm-!izespmphjdbm-!boe!ib{bsetjngbdu! s
projections with observed local conditions. Consequently, confidence levels for hazards such as
localised flooding, landslides, and urban heat remain constrained, and the projections should be
joufsgsfufe! bt! joejdbujwf/ ! Uijt! voefstdpsft! uif!
adaptation options.

3. Uneven availability of assetlevel geospatial information - Limited or outdated datasets on the
exact location, condition, or characteristics of infrastructure, energy systems, and manufacturing
facilities constrain the ability to model exposure at the asset level. Accordingly, recommendations
gpdvt! po! tpfgdqpputvofjwfzhbsf bt ! sbui fs!uibo!bttfustqgfd

These limitations are mitigated by integrating multiple data and information sources, such as GCA
roadmaps, AfDB climate profiles, World Bank CCDRs, ThinkHazard, EarthMaBRI, and national datasets
and by applying consistent analytical assumptions across all regions.

In addition to the climate change data described earlier in the report, spatial data used to represent the
physical locations of infrastructure and the boundaries of relevant zones and administrative areas
included the following:

1 Kenyan National Geospatial Datasets
0 County and nationaHevel administrative boundaries
0 Road network distribution
0 Rail network
0 Hydrological data: rivers, lakes, wetlands, and catchments

1 Humanitarian OpenStreetMap Team (HOTOSM) data sourced from the Humanitarian Data
Exchange (managed by the United Nations Office for the Coordination of Humanitarian Affairs
(OCHA) for:

o0 Populated places (polygons and points)
0 Road network distribution (including surface attributes)
0 Modelled distributions of high-voltage transmission lines

The locations (coordinates) and specifications of hydropower plants were obtained from reports by the
Kenya Electricity Generating Company (KenGen) and the Energy and Petroleum Regulatory Authority
(EPRA), and captured spatially by the project team using igh-resolution aerial imagery in a GIS
environment. The positions of major bridges were identified by intersecting the road network with river
datasets in GIS and then digitising bridge locations from highresolution satellite imagery.

Kenya Gender Equality and Social Inclusion (GESI) Overview

This GESI section identifies the gender and social inclusion gaps most relevant to climate adaptation in
Lfozb!t! jogsbtusvduvsf-! fofshz-! boe! nbovgbduvsjoh! tf
investments identified in this assignment promote equitable and inclusive outcomes, particularly for
women, youth, persons with disabilities (PWDs), and lowncome urban residents. The analysis is based
on a targeted literature review covering national statistics, government policy documents, UN agency
assessments, World Bank and ILO datasets, and sectespecific studies from 2016p2023. The review

Rapid Climate Risk Assessment and Adaptation Investment Opportunity Méappamfrastructure, Energy Manufacturing 21



focused on economic participation, access to services, spatial vulnerability, labour markets, and exposure
to climate hazards.

Kenya has a relatively strong normative framework for equality and inclusion. The 2010 Constitution
guarantees equality and freedom from discrimination for all, and commits the State to affirmative action

nfbtvsft-! jodmvejoh! uuiifj!gentgrdiule inpetedtive and bappbintive podies
(Government Document, 2010)

The National Policy on Gender and Development (20193eeks to mainstream gender equality across all
sectors - including environmental management and climate change- while the emerging National Policy
po! Xpnfol!t!Fdpopnjd! Fngpxfsnfou!gvsuifs!lubshfut
work (Government Document, Ministry of Public Service and Gender, 2019)

The Climate Change Act (2016) andsuccessive National Climate Change Action Plans frame gender
equity and social inclusion as crosscutting principles for adaptation and low-carbon development
(Government of Kenya , 2016) Kenya has also updated its disability legislation (replacing the 2003
Persons with Disabilities Act) and strengthened national GBV coordination mechanismgGovernment of
Kenya, 2021; State Department for Gender, 2022).

Despite this policy base,structural gender and social inequalities remain pronounced, especiallyn rapidly
urbanising counties, informal settlements, and in energy infrastructure and manufacturing-intensive
value chains. Around onethird of Kenyans (33.6%) were living below the national poverty line in 2019, with
urban poverty at 26%, and spatial disparities remain larg€World Bank, 2023)

Urbanisation is accelerating, roughly 2831% of Kenyans now live in urban areagWorld Bank DataBank,
2023) and it is estimated that about half to 60% of the urban population resides in informal settlements
that occupy a small share of urban land and face severe deficits in housing, infrastructure and basic
services (UN-Habitat, 2020 and 2022) These patterns intersect with age, gender, disability, income and
location to shape how households, workers and enterprises experience climate and infrastructure risks.

Gender, youth and inclusion gaps

YgogpXu"gegpqoke"rctvkekrcvkgp"cpf"fgeg

Women remain underrepresented in higherproductivity, formal employment. In the formal
manufacturing sector, women account for only about 16-17% of workers, with limited presence in
leadership (Kenya National Bureau of Statistics, 2019)

Women are concentrated in lowerwage segments of value chains and continue to shoulder
disproportionate unpaid care and domestic work, constraining their ability to engage in energy and
technology-intensive occupations (Kenya Assocation of Manufacturers & ICRW, 2019)

Although financial inclusion is high - about 79% of Kenyan adults have an account with a financial
institution or mobile money provider - poorer adults are still substantially less likely to have an account
than wealthier adults, and women entrepreneurs continue to face collateral, documentationbarriers
(World Bank Group, 2021)

Youth unemployment and underemployment

Lfozb!ibt!b!gspuomhodl €&t dzz p h-Bchnptituten &réubdB85%eof tReGopulation
(Kenya National Bureau of Statistics, 2019) While overall unemployment is moderate, youth experience
much higher unemployment and underemployment, especially in urban areas. National estimates
suggest that young people account for around two-thirds of the unemployed, with 1 million new entrants
to the labour market annually(ILO & National Council for Population and Development, 2021)

Young women and men are disproportionately represented in informal, precarious jobs highly sensitive
to climate and infrastructure shocks (World Bank, 2016)
People living in informal settlements and urban poverty

Rapid urban growth and housing deficits have resulted in large informal settlements in Nairobi, Mombasa

boe! Ljtvnv/ ! Bobmztft!joejdbuf! uibu! bspvoe! i bmg!
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settlements, with 50p7 1 &! pg! Obj spcj ! sftjefout! mjwjoh! jduNt mvnt!

Habitat, 2020 and 2022)

Residents face overcrowding, insecure tenure, poor drainage and low sewerage coverage (e.g., ~18%
sewer connection in some major cities) (UN-Habitat, 2020 and 2022) These deficits heighten vulnerability
to flooding, heat stress, disease and infrastructure failures.

Persons with disabilities (PWDs) and accessibility gaps

According to the 2019 census, about 2.2% of Kenyans approximately 0.9 million people - live with some
form of disability (Kenya National Bureau of Statistics, 2019) women constitute a majority of this group.

Disability prevalence is higher in rural than urban areas, but PWDs in cities are less likely to access needed
health services and often face intersecting barriers linked to poverty, transport and the built environment
(UNFPA, 2021)

Despite legal guarantees of accessible, barriefree environments, many public buildings, transport
systems and industrial areas remain physically inaccessible and lack adapted information,
communication and assistive technologies.

Gendebased violence

The 2022 Kenya Demographic and Health Survey (KDHS) reports that 34% of women aged #® have
experienced physical violence since age 15, and 16% have experienced sexual violen@i€enya Bureau of
National Statistics, 2023).

Around four in ten everpartnered women report experiencing economic, psychological, physical or sexual
intimate partner violence.

National data show persistent GBV and a recent surge in femicides; the government has declared GBV a
major security concern and established specialised police units and coordination mechanisms to respond
(State Department for Gender, 2020)

Risks of GBV are heightened in informal settlements and among women and girls commuting at night or
working in poorly regulated sectors, including parts of the urban informal economy(UN Habitat, 2023)

Sectorrelevant GESI dimensions

Access and Affordability of Basic and Productive Services
Energy and productive use

Grid access and reliability have improved nationally, but many lowncome urban households and micro-
enterprises - especially in informal settlements and rural off-grid areas - still rely on costly, low-quality or
polluting fuels and have limited access to modern, efficient equipment(Ministry of Energy, 2022)

Female-headed households, womenowned MSMEs and PWDheaded households are more likely to face
affordability constraints and lower connection rates, and to lack access to cooling, mechanisation and
digital tools that depend on stable electricity (World Bank Group, 2021)

Energy reliability is critical for cold chains, light manufacturing, welding and machining, and for services
such as water pumping and health facilities, sectors where women and youth often operate micro-
businesses or depend on wage employment.

Water, sanitation and resilient urban services

In many Kenyan cities, only aound 18%of residents are connected to sewer networks; a large share relies
on pit latrines, septic tanks or unimproved sanitation, with even more constrained service in informal
settlements (UN-Habitat, 2020 and 2022)
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Flooding, blocked drainage and solid waste mismanagement in informal settlements and industrial
corridors regularly disrupt transport, damage housing and small business premises, and contaminate
water sources, raising the risk of vectorborne and water-borne disease (World Bank Group, 2022)

Mobility, transport and spatial exclusion

Low-income women and youth often rely on walking and informal public transport to reach work, markets
and services. Poorly lit or floodprone footpaths, inaccessible pedestrian infrastructure and long
commutes increase costs, reduce productivity, and expo® women and girls to harassment and violence
(UN Habitat, 2022)

Many transport and road investments have not yet fully mainstreamed universal design, limiting safe
use by PWDs and older persons

Employment and Livelihoods in Energy, Infrastructure and Manufacturing
Gendered occupational segregation

Women are concentrated in lowerpaid, less secure roles in construction, energy and manufacturing (for
example, in packing, quality control or lowskill assembly), with limited representation in technical,
engineering and managerial positions(Kenya Assocation of Manufacturers & ICRW, 2019)

Tpdj bm! opsnt! bspvoe! dinbmf L) boe! dzgfnbmf L) xpsl -!mjnjufe
boe! mbdl ! pg!di jmedbsf! boe!tbgf!usbot qpvaluelseypentagfov f ! up!
industrial and infrastructure jobs (Kenya Assocation of Manufacturers & ICRW, 2019)

Youth-dominated informal work

Many young people in urban areas work in informal construction, transport, artisanal manufacturing,
repair, waste-picking and small-scale trading. These livelihoods are highly sensitive to climate shocks (e.g.
flooding that halts construction or access to markets), infrastructure failures (power outages, road
damage), and economic downturns (World Bank, 2016)

Informality limits access to social protection, finance, skills upgrading and occupational health and safety,
leaving young workers particularly exposed to hazards and income volatility.

Inclusion of PWDs and other marginalised groups

PWDs, older persons, ethnic minorities and people living with chronic illnesses remain undenepresented

in formal employment and entrepreneur support schemes in the energy and industrial sectors, despite
legal protections and affirmative action targets. Persistent stigma, accessibility gaps in workplaces, and
lack of targeted skilling programmes contribute to exclusion (UNFPA, 2021)

MSME Participation and Financial Inclusion
Women- and youthled MSMEs

Lfozb!t! NTNF! mboetdbqf! jt! wjcsbou-! boe! npcjmf! npof z
ownership for both women and men (World Bank Group, 2021)

However, women and youth-owned micro and small enterprises still face significant barriers to accessing
larger, longerterm finance, business development services, and formal energyreliant equipment (Kenya
Assocation of Manufacturers & ICRW, 2019) Many such enterprises operate from informal settlements
or peri-urban areas with insecure tenure, frequent service disruptions and high exposure to flooding and
heat, placing their assets and working capital at risk.

Supply-chain participation and local content

Local MSMEs, including women- and youth-owned firms, are often confined to low-value segments of
construction and energy supply chains (e.g. manual labour, petty supply, informal logistics) due to
procurement requirements, limited certifications, and insufficient access to technology and standards
(Kenya Assocation of Manufacturers & ICRW, 2019)

Resilience and Sustainability

Climate-vulnerability hotspots
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Kenya is recognised as highly vulnerable to climate change, facing increasing floods, droughts and heat
extremes that intersect with poverty and urban infrastructure deficits.

Recent national initiatives- such as gendered climate-vulnerability hotspot mapping and the development
of a National Gender and Climate Change Action Plan explicitly seek to identify where climate hazards,
gender inequalities and social exclusion overlap, in sectors including water, energy, agriculture and urban
infrastructure (Ministry of Energy, 2022)

Low-income urban residents, especially women, children, PWDs and older persons, are particularly at
risk during floods and heat waves because of inadequate housing, drainage, water and cooling, and
limited savings or insurance to buffer shocks (UN Habitat, 2022)
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CLIMATE HAZARD ASSESSMENT

L f o zdwdioteconomic development is increasingly shaped by the dual pressures of climate variability

and the need for resilient, inclusive growth.As a rapidly developing economy in East AfricaKenyal t ! J F N !
sectors form a critical backbone of its industrialisation and economic diversification efforts, yet they

remain highly vulnerable to climateinduced disruptions. The following chapter outlines the contextual
backdrop against which climate hazards interact with sectoral dependencies, setting the stage forthe
identification of investment opportunities that will enable climate resilience through infrastructure and
climate resilience of infrastructure.

Background and Context

Kenya covers approximately 580,000 km2 and features highly varied topographysee Figure 4), from low-
lying coastal plains along the Indian Ocean to the central highlands and the Great Rift Valley. Mount Kenya
) 6-2::1 n* -1 Blighgstdobak, tddmindted the leighland landscape, while extensive savannah
and semi-arid zones stretch across the north and east. The country shares borders with Ethiopia, Somalia,
South Sudan, Uganda, and Tanzania, and its coastline supports major economic hubs such as Mombasa
and Malindi. Inland, Lake Victoria, Lake Turkana, and numerous river basihsncluding the Tana and Athi
are critical for agriculture, hydropower, and domestic water

Lfozb!t!dmjnbuf!jt!gsfepnjoboumz!uspgjdbm!cvu!tuspohr
resulting in marked regional variation. Coastal and lowland areas are hot and humid yearound, while the

highlands experience cooler conditions. Raiffiall is largely governed by the seasonal migration of the

Intertropical Convergence Zone (ITCZ) and the Indian Ocean Dipole (IOD), producing a bimodal regime
includingui f! dZmpoh! sbj ot LJd gspn! Nbsdi ! up! Nbz! boe! ui f! dizips
semi-arid lands, which cover over 80% of Kenya, receive minimal rainfall and are highly drougiprone

(UNDP, 2022)

Recent decades show clear climate shifts. Mean annual temperature has risen steadily since the 1960s,
with projections indicating further warming of 1.5p2°C by mid-century under moderate scenarios and
higher under highemission pathways. Rainfall patterns are becoming more erratic, with intensified
downpours causing floods and prolonged dry spells driving severe droughts. Extreme events such as the
2015p 16 El Nifio floods and recurrent droughts have disrupted agriculture, hydropower generation, and
transport systems (Gutierrezz, 2021)

Climate vulnerability is unevenly distributedacross Keny (IFRC, 2016)a. Coastal cities such as Mombasa

face heightened exposure to flooding and sedlevel rise<! npsf ! ui bo! 261-111! sftjefol
bsfbt!ijhimz!tvtdfqgujcmflup!jovoebujpo-!xjuil!tfbtmfwf

3.2 mm per year (IFRC, 2016) ! Nf box i j mf - | b soundids mdueihgtThrkajasGassgae dnd

Marsabit,s f qsft f ouj oh! gbsu! pgl!uif!91&!'pg!Lfozb!t! mboe! bsf |
population, experience recurrent droughts that threaten water security, livestock, and livelihoodgIFRC,

2016). Climate extremes have already shown their disruptive potential: the 201p16 El Nifio floods

displaced over 100,000 people, while the 201617 drought mf gu! 3/ 8! nj mmj po! gppebtj ot fd
hydropower generation (IFRC, 2016) Rural smallholders, particularly women who make up the majority

of agricultural labour, remain disproportionately affected due to reliance on rairfed farming and limited

adaptive capacity.
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Figure 4: Altitudinal map of Kenya (Source:https://maps -kenya-ke.com/kenya-altitude-map)

Climate Hazard Assessmdrésults

As previously noted, this hazard analysis establishes the foundation for evaluating both exposure and
sensitivity. Central to this assessment is an understanding of how climate hazards are expected to evolve
over time, as well as their spatial relationshipto the infrastructure under review (exposure). Sensitivity
refers to the extent to which systems, or specific components within those systems, are likely to be
affected by these hazards. The analysis includes a detailed examination of projected changes iextreme
temperature, extreme precipitation, fluvial flooding, drought, fireconducive conditions, and extreme wind.
Each hazard has been assessed for its potential impact on IEM systems and the individual components
that comprise them.

Extremelemperature

Chronic exposure to extreme temperatures was assessed across Kenya using the variable of the number
of days in a year where the maximum temperature reaches or exceeds 35°C. Three classes of chronic
exposure have been defined for the purposes of visualizinghe extent of exposure across Kenya:

1. Low exposurep less than 30 days a year
2. Moderate exposurep between 30 and 60 days a year
3. High exposurep more than 60 days a year

Il jtupsjdbmmz-!Lfozb!t!dispojd! fygptvsf!lup!fyusfnflufn
northeastern lowlands, particularly in Garissa, Wajir, and parts of Tana River County, as illustratedkigure

5. These areas are characterized by low elevation and semarid conditions, which amplify heat extremes

and prolong hot periods. The coastal zone around Mombasa also exhibits elevated heat exposure, though

moderated by maritime influences. In contrast, the central highlands (including Nairobi, Nakuru, and

Eldoret) and western regions near Lake Victoria experience significantly fewer hot days due to higher

elevation and cooler temperatures.

This geographic contrast is foundational to understanding the spatial distribution of climate hazards. It
also has direct implications for infrastructure vulnerability, where systems located in lowland zones are
inherently more exposed to thermal stress, while those in higheraltitude regions may be less affected
at least under current climate conditions.
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Figure 5: Baseline (1986 p 2005) distribution of chronic exposure to extreme temperatures

Baseline Heat Extremes

Extreme heat exposure in Kenya is shaped by contrasts between arid lowlands, serrid rangelands,
coastal zones, and the elevated highlands of the Rift Valley. The northeastern and northern lowlands
experience persistently high temperatures due to flat terain, low elevation, and arid conditions. Extreme
heat events occurring once in 10 years Figure 6) show hottest-day temperatures of 43p45°C in the arid
lowlands of northeastern Kenya (counties of Mandera, Isiolo, and Waj); with county averages exceeding
40°C in all three counties. Lowland counties in the north (Turkana, Marsabjtand the southeast (Garissa,
Tana River, and coastal counties) also experience very hot temperatures, with localized peaks of $@12°C
and slightly cooler conditions along the coast. Coastal areas are generally warm, influenced by proximity
to the Indian Ccean, while western and central highlands remain relatively cool because of their higher
elevations. These spatial differences define the baseline pattern of heat exposure across the country.
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Figure 6: Comparison of the maximum daily temperature with a 10-year return period during the reference period and
the projected values for 2041-2060 under RCP4.5 and RCP8.5 scenarios.
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Projected Intensification of Heat Risk

Under future climate scenarios,extreme heat in Kenya is projected to intensify dramatically particularly
in the arid and semtarid lowlands. As presented inFigure 7 and Figure 8, the northeastern counties of
Mandera, Wajir, and Isiolowill experience the most severe conditions. Tenyear extreme heat events
(Figure 26) could see hottestday temperatures reaching 45°C, with localized peaks surpassing 47°C
under RCP8.5. County averages in these areas will exceed 40°C, and projections iodie that most days
of the year could surpass 35°C, leaving only two to three weeks annually below this threshold.

Northern lowland counties such as Turkana and Marsabitwill also face substantial increases, with
localized peaks of 40p42°C and chronic exposure rising to more than 100 additional hot days per year
compared to the baseline. Coastal counties (including Mombasa and Tana River) will experience extreme
heat intensification, with hottest-day temperatures reaching 41p43°C under RCP4.5 and up to 44°C under
RCP8.5. In these areas, at least half the year will exceed 35°C, and localized zones could experience up to
300 hot days annually under highemission scenarios.

In contrast, the western and central highlands will experience the largest relative temperature increade

up to +2.4°d but the number of days above 35°C will remain minimal, except in some lowlying valleys
and the western Rift Valley escarpments. These aras will begin to experience a week or more of extreme
heat days by mid-century, introducing new vulnerabilities for infrastructure and agriculture.

Sy
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Figure 7: Projected(2040 p 2060) distribution of chronic exposure to extreme temperatures
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Figure 8: Projected change(from baseline) in the distribution of chronic exposure to extreme temperatures (days per
year)

Key insight: Northern and eastern counties experience the steepest rise in extreméeat days, pushing
already hot regions into chronic heat stress conditions that threaten agriculture, manufacturing, and
labour productivity.

Historical Distribution oExtremePrecipitation

Extreme precipitation patterns in Kenya, represented by the annual mean maximum daily rainfall, are
tuspohmz!jogmvfodfelcz!uifl!dpvousz!t!ejwfstFiduepgphsbaqg
9, baseline exposure (198) 2005) to extreme precipitation is widespread but varies significantly across

regions. The coastal counties exhibit the highest exposure. These areas are influenced by the Indian

Ocean monsoon and seabreeze convergence, which drive intense rainfall events during the long rains

(masika) and short rains (vuli). The combination of lowlying coastal plains and high rainfall intensity

increases flood risk for urban infrastructure and transport corridors.

The western and central highlands also experience high extremes, shaped by complex topography and
elevation-driven rainfall variability. These patterns reflect orographic uplift and convective activity

associated with mountainous terrain. In contrast, the northern and eastern lowlands, though generally

drier, still exhibit significant extremes, albeitlesser than what is experienced along the coastal regions.
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Figure 9: Baseline(1986-2005) distribution of acute exposure to extreme precipitation

Projected Intensification and Regional Shifts

Looking ahead to the mid-century period (2040p 2060), projections under RCP4.5 and RCP8.5 indicate a
general increase in extreme precipitation across most of Kenya, with the most pronounced changes
occurring in the eastern lowlands and coastal corridor. Asillustrated in Figure 10, high-exposure zones
expand inland from the coast and intensify in the east.

Percentage changes in mean maximum daily rainfall, presented irFigure 11, reinforce these trends. The
eastern lowlands (Wajir and Garissa) exhibit increases of up to +40% under RCP8.5, with projected
extremes reaching 123 mm and 193 mm, respectively. Coastal counties show similar intensification
under both scenarios, while the central highlands display relative stability, with siall or uncertain
changes. Even modest increases in extreme rainfall can have outsized impacts on infrastructure systems,
particularly where drainage capacity is limited or assets are already operating near design thresholds.

Looking ahead to the midcentury period (2040p2060), projections under RCP4.5 indicate a general
increase in extreme precipitation across most of Kenya, with the most pronounced changes occurring in
the southern highlands and coastal corridor. As illustrated inFigure 10, high-exposure zones expand
inland from the coast and intensify in the south.

Percentage changes in mean maximum daily rainfall, presented inFigure 11 shows that the southern
(south of Mombasa) and the central region (near Wgir) are likely to experience the mostsignificant
increasein 1-day maximum rainfall depths. Even modest increases in extreme rainfall can havemplified
impacts on infrastructure systems, particularly where drainage capacity is limited or assets are already
operating near design thresholds.
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Figure 10: Projected medium term (2040p 2060) distribution of acute exposure to extreme precipitation
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Figure 11: Projected change in distribution of acute exposure to extreme precipitation

Figure 12 illustrates the projected 1-in-25-year daily maximum precipitation for 2040p 2060 under RCP4.5.
From this map it is noted that the most extreme rainfall events are concentrated in the coastal zone,
particularly in Kwale, Lamu, and Mombasa, where singlalay totals exceed 300 mm, with localized peaks
approaching 308 mm. In contrast, thewestern parts of the country remains relatively lower, with extremes

around 50p 100 mm, though localized flash floods remain a concern
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Figure 12: Distribution of rainfall depths associated with the 25-year return period rainfall event

Fluvial Rive) flooding

As presented inFigure 13, Kenya is divided into five principal basinancludingtheUb o b - ! Bui j - ! Fx bt p!
North, Lake Victoria North and South, and the Rift Valley Basin. These basins encompass major rivers
such asthe Tana, AthiGalanaT b c bl j - ' boe! Fxbt p! Oh! jsp-!bt!Ixfmm!bt!dbu

The Tana and Athi rivers flow southeastward into the Indian Ocean, supporting large populations in and
around Nairobi (Nairobi County), Thika (Kiambu County), Garissa (Garissa County), and Mombasa
) Npncbtb! Dpvouz*/ INtth Bdsifk, xhb largest ®dsih poseping 36% of Kenya, is more
sparsely populated but crucial for pastoral livelihoods. The Lake Victoria North and South basins, covering
western Kenya, host densely populated towns such as Kisumu, Eldoret, and Kakamega, dnare key
agricultural zones due to fertile soils and high rainfall. The Rift VValley Basin stretches nortpsouth along
the country, hosting numerous lakes and rangelands.

To assess baseline flood risk, flood extent and water depth data from the European Joint Research Centre
(JRC) Flood Maps were analyzed for a 58year return period event. These maps, with a 100n resolution,
provide a broad view of inundation patterns unde current climate conditions (Figure 14). Kenya is
particularly susceptible to fluvial flooding in eastern and northwestern counties, as well as lowlying
coastal areas. Flooding is often triggered by intense and unpredictable rainfall events, which, as
highlighted earlier, are projected to intensify under climate chage.

Based on flood extent for a 50year return period event:

1 The counties with the largest flooded areas are Tana River (2,485 km?2), Garissa (1,892 km?),
Turkana (1,510 km?), Isiolo (963 km2), Kilifi (673 km?2), Kajiado (903 km?), and Wajir (619 km2).

9 Other counties with notable flood exposure include Lamu (235 km?), Mandera (237 km?), Siaya
(150 km?), Busia (129 km2), and Kisumu (120 km?).

1 Tana River Basin represents the largest flooeaffected area among all counties, with 6% of its
land area inundated under a 506year event.

Urban centers such as Nairobi and Mombasa face a pronounced floodingpoverty nexus, where informal
settlements located in floodplains experience recurrent inundation even during average rainfall events.
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Inadequate drainage infrastructure exacerbates vulnerability, leading to frequent damage to roads,

housing, and sanitation facilities.
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Figure 13: Map of principal river basins inKenya, together with the main river network in the country

River flooding for a 50-year return period event
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Figure 14: Flood Map for 1 in a 50 year river flooding event for the historical periodThe provinces highlighted in (A)
and (B) are the oneswith the largest exposure (largest area with at least 0.5m of floodwater expected.
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Projections of future flood extents under the RCP4.5 scenario for the period 20492060 were obtained

gspn! uif! Xpsme! Sftpv

sdft! Jotujuvuf!t!

Brvfevdu! Gmpp

experiencing flood depths greater than 0.5 m between the baselinend projected periods (Figure 15). Key

findings include:

1 Counties most exposed to river flooding: Similar to the historical period, Tana River, Garissa, and
Turkana will continue to be the most exposed regions, with future flood extents of 2,829 km2,

2,739 kmz?, and 2,093 kmz?, respectively.

1 Largestincrease in flood extent: Wajir (+859 km?), Garissa (+847 km?), Isiolo (+639 km2), Turkana

(+583 km?), and Tana River (+344 km2)

1 Future exposed population:

show the greatest increases.

0 Tana River County will have the largest share of population located in floogrone areas
by 2050, with 29% of its population (115,155 people) exposed under a 5@ear event.
Population exposure estimates were derived by intersecting WRI Aqueduct Floods
riverine hazard layers (1in-50-year, RCP4.5, 204p2060) with a publicly available 2050
gridded population surface for Kenya (WorldPopbased, UNadjusted, 90m) from ICPAC.

Ui f! dzgf pgmf! fy

gpt f elLd

gj hvsft! tvn!
exceeds 0.5m; percentages use the same 2050 grid as the denominator.

3161! gqpgqvmbu

o Kilifi County will have the largest absolute number of people at risk, with 249,172 people

(16% of its population) exposed.

0 Mombasa (126,722 people) and Garissa (119,421 people) also surpass 100,000 exposed

individuals.

Overall, projections indicate that flood risk will intensify in arid and semiarid counties (ASALSs) and coastal
regions, while urban areas will face growing challenges due to population growth and inadequate drainage

systems.
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Figure 15: Projected Flood Extents (2040p 2060) based on RCP4.5

Key insight: Flood extents expand across major basins including Tana and Athi, with urban centres like
Nairobi and Mombasa facing increased pluvial flooding due to intense rainfall and inadequate drainage.
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Sealevel rise and coastal flooding

In response to rising global temperatures, sea levels along th&enyan coast are expected to increase
Under the RCP6.0 scenario, compared to levels in 2000, the median climate model forecasts a sea level
rise off the east African coast of 11 cm by 2030, 21 cm by 2050, and 41 cm by 2080.Whilst these
increases seem small, the effect of this increase when paired withstorm surges and with saline intrusion
into fresh groundwater reserves is an important consideration.It is also important to consider the number
of coastal livelihoods potentially affected, such as salt farms and aquaculture, particularly in flat low-lying
areas like the edges of estuarieswhich are most susceptible to these impacts. This rise therefore poses
significant risks to coastal communities in Kenya, also potentially compromising water quality for
domestic use and negatively affecting coastal biodiversity.

Given the synergistic impactsof sea level rise and storm surgesas described, this exposure assessment
has identified all areas lower than 5m above sea level as being potentially impacted by sea level risa
various ways. This was mapped by extracting areas falling below 5m above sea levefrom the JAXAALOS
World 3D - 30m (AW3D30) digital elevation model version 4.1 (Figure 16). Such areas are seento be
prevalentin important urban areas like Mombasa and Lamu, and most extensive in the Tana River Delta
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Figure 16: Sea level rise and storm surge exposure zones for the coastline dkenya

Drought

Drought exposure in Kenya reflects sharp contrasts in rainfall distribution between arid lowlands and
wetter highlands, as presented inFigurel7.L f oz b ! t ! b s-griélandsaegibrts in thg¢ east and north
have short rainy seasons with low and highly variable yearly rainfall.

1 Yearly accumulations are typically below 600 mm, with localized areas in the north (Turkana,
Marsabit) recording less than 200 mm.

1 In contrast, the Western and Central Highlands see high yearly accumulations well above 1,000
mm, with some county averages like Vihiga surpassing 2,000 mm.
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1 Coastal regions also experience high amounts of yearly rainfall, with county averages typically

ranging from 889 mm (Kilifi) to 1,266 mm (Mombasa), and even higher in Kwale (1,003 mm) and
Lamu (1,121 mm).

The arid and semtarid lands of the north and east are chronically dry, with short, unreliable rainy seasons
boe! mpx!zfbsmz!upubmt/!Cz!dpousbtu-!luiflxftufso!boel!d
rainfall, while the coastal belt also ecords substantial accumulations due to its proximity to the Indian

Ocean. These differences define the baseline risk of drought across Kenya, where rainfall variability is as
critical as total rainfall.
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Figure 17: Comparison of the mean annual accumulated precipitation during the reference period and the projected
values for 2041-2060 under RCP4.5 and RCP8.5 scenarios

Projected Changes in Precipitation and Drought Severity (2042060)

As presented in Figure 17, yearly precipitation in Kenya is projected to remain relatively stable in the
western highlands and coastal regions, with only minor or inconclusive changes. However, the eastern
lowlands are expected to experience an increase in annual rainfall of up to 2, particularly in interior
areas such as Mandera, Wajir, Isiolo, and eastern Marsabit. Despite this rise, totals will still remain lqw
generally below 800 mm, and in the driest zones below 500 mmsustaining high water stress. At the same
time, drought severity (see Figure 18) is projected to intensify across much of the country, as indicated
by SPEI12 values. Even in regions where rainfall remains stable or increases slightly, such as the coastal
belt and highlands, drought stress will worsen due to heatdriven evapotranspiration. Under RCP4.5, most
areas will experience moderate drought conditions with SPEI values betweemp 1.0 and p 1.5, while under
RCP8.5, localized zones approaclp 1.5, signalling a shift toward severe drought stress.
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Figure 18: Projected mean of SPEI values (multiscalar drought index) for an accumulation period of 12 months under
RCP4.5 and RCP8.5 scenarios for 2042060

Extreme wind

Lfozb!t! fygptvsf! up! fyusfnfl! xjoe!jt!tuspohmz! tibqfe!
Eastern lowlands and coastal regions experience consistently high wind intensities due to maritime

influence and open terrain, while the northwest (Turkana, Mrsabit) is also exposed to strong winds linked

to channeling effects across expansive plains. Localized topographic features, such as the slopes of

Mount Kenya and the Rift Valley escarpments, produce additional wind extremes through funnelling and

acceleration. In contrast, flatter sections of the Rift Valley recad comparatively lower speeds, highlighting

the role of landscape in shaping wind variability across the countryDuring the historical reference period,

extreme wind intensities varied significantly across Kenya (seerigure 19):

I Coastal and eastern lowlands recorded some of the highest gusts, averaging around 20 m/s,
reflecting unsheltered maritime exposure.

1 Northwestern counties such as Turkana and northwest Marsabit, along with localized areas of
the Western Highlands, showed the highest extremes, with gusts reaching 21.8 m/s on the
eastern slopes of Mount Kenya.

1 Flatter areas of the Rift Valley exhibited relatively lower wind speeds, typically between 12 and 16
m/s, due to reduced topographic acceleration.
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Figure 19: Baseline (186 p 2005) distribution of exposure to extreme wind

Projected Changes in Wind Extremes (20412060)

Projections for the mid-century period indicate that extreme wind conditions in Kenya are not expected to

change dramatically:

1 Under RCP4.5, changes remain limited, with only localized increases of around +4% near Lake

Natron, at the border with Tanzania.

1 Under RCP8.5, modest increases are projected in the eastern lowlands (south Isiojaorth Tana
River, Garissa) and the northwest (Turkana), but these rarely surpass +3%, keeping wind speeds

below 22 m/s.

1 The Western and Central Highlands, along with coastal regions, display only minor signals of

change, and in some cases even reductions.

While absolute changes in wind speed appear small, even marginal increases can elevate risks for
infrastructure systems, particularly energy transmission lines, transport corridors, and coastal assets that
traverse exposed terrain. This underscores the imprtance of maintaining wind-resilient design standards

for critical infrastructure.
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Figure 21: Projected change in the distribution of exposure to extreme wind
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Fire

Wildfire is an important threat to terrestrial infrastructure, agriculture, and livelihoods in Kenya. A number
of climatic variables influence wildfire risk, including temperature, soil moisture, humidity, and wind.
Climate change amplifies this threat by increasing temperatures, lengthening fire seasons, and
intensifying fire behavior, leading to more frequent, larger, and hotter wildfires, as well as extended periods
of high fire danger. Rising global temperatures dry out vegetation, increasing its flammaility, while altered
rainfall patterns, triggering heavier rains followed by droughts fuel vegetation growth and subsequent fire
spread.

Projected Changes in Fire Threat (20442060)

The Fire Weather Index (FWI) is a widely used metric for assessing wildfire potential based on
atmospheric conditions. It combines temperature, relative humidity, wind speed, and precipitation to
estimate how conducive the environment is to ignition and fire spread. Higher FWI values indicate drier
fuels, stronger winds, and lower humidityt conditions that significantly increase wildfire risk. For this

analysis:

1 FWI > 50 for 5¢p 100 days/year = Moderate fire risk
1 FWI > 50 for >100 days/year = High fire risk

As shown inFigure 22, wildfire exposure during the reference period was highest in the arid and serrarid
lands of northern and eastern Kenya, including Turkana, Wajir, Garissa, and parts of Marsabit, where large
areas recorded more than 100 firerisk days annually. Surroundng zones in Isioloand Samburu exhibited
moderate exposure (500100 days), while the western highlands and coastal regions, including Nairobi,
Kisumu, and Mombasa, remained in the lowrisk category (<50 days). These patterns reflect the
combination of seasonal dryness, vegetition type, and fuel accumulation in semtarid and transitional
zones.

Under RCP4.5, wildfire risk intensifies across much of Kenya (se€igure 23). Thearid and semi-arid lands
regions remain the core highrisk zones, but exposure expands southward into Kajiado and Taitalaveta,
and eastward toward Kitui and Makueni. The number of highrisk days in these areas is projected to
increase by 116 days annually Figure 24), with localized hotspots in Turkana, Isiolo, and Garissa
showing the largest gains. Coastal regions and western highlands remain relatively lowisk but still
experience slight increases in fireprone days.
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Figure 22: Baseline distribution of exposure to the threat of wildfires
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Figure 23: Projected medium term (2040 p 2060) distribution of exposure to the threat of wildfires
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Figure 24: Projected change in the distribution of exposure to the threat of wildfires
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Climate hazard summary

A summary of the climate hazard assessment for Kenyais provided as follows.

Key findings:

Extreme heat.Kenya will get markedly hotter, with the northeastern arid lowlands (Mandera, Waijir, Isioli
seeing the most severe conditiond hottest days reaching 45p47 °C and20-60 days per year above35
°C. Turkana, Marsabit and the coast also face prolonged extreme heat (local peaks 4444 °C), while the
western/central highlands warm the most in relative terms (up to +2.4 °C) but still record few veryhot
days except in some low valleys intensifying heat stress for workers, infrastructure, and urbar
settlements.

Drought. Drought remains a major hazard despite projected rainfall increases in parts of the easter
lowlands (up to +20%), as annual totals stay low (< 800 mm; driest areas < 500 mm) and evaporati
efnboe! sjtft/ ! Joufotjuz! tusf oh wdirdsothe!cangt,!hightaeds, st
northwest, underscoring adaptation needs in both chronically dry zones and newly droughfrone
highland areas.

Wind extremes. Wind hazard changes are modest overall. Localised increases of ~+34% are projectec
in the eastern lowlands (south Isiolo, north Tana River, Garissa) and northwest Turkana, but typic
extremes remain < 22 m/s; the western/central highlands and coast arelargely stable or slightly lowel
than the baseline.

Extreme precipitation (1-day). Short-duration intense rainfall intensifies and remains widely disruptive
with the strongest increases in coastal and eastern counties heightening flash-flood and riverine risks
Even where mean changes are modest (e.g., the highlands), localised extremes will continue to trigg
landslides and flood damage.

River flooding. Flood exposure concentrates in Tana River (2,829 km?), Garissa (2,739 km?) and Turka
y3-1:411nx*!1cz! 316 1! InSMYD évént). Tl ladgésBatea ihceehisgsoceur In WVa|
(+859 km2), Garissa (+847), Isiola+639), Turkana (+583) and Tana River (+344); population exposure
highest by share in Tana River (29%, 115,155 people) and by count in Kilifi (249,172, 16%), with Momb
(126,722, 10%) and Garissa (119,421, 8%) also exceeding 100,000 exposed.

Fire. Under RCP4.5, severe fire risk (FWI > 50) is projected to rise by up to 16 days annually, mainly in
northern and eastern ASALs such as Turkana, Wajirand Garissa. These regions already face prolonge
dryness, making them highly vulnerable to intense wildfires that threaten energy and transpo
infrastructure. Moderate increases are expected in transitional zones like Isiolo, while coastal an
highland areas remain low risk with only slight changes.
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SECTOR SENSITIVITY ANALYSIS
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of the systems that underpin these domains. Each sector comprises a network of interrelated systems,

which can be further disaggregated into subsystems and ultimately into nodes, distinct units that vary in

their sensitivity to specific climate hazards. Nodes may take the form of tangible assets, such as physical

infrastructure or equipment. These can be individual installations (e.g., GitartHydropower Station) or

classes of infrastructure (e.g., transmission powerlines). Alternatively, nodes may represent intangible

elements such as institutions, operational processes, or human actors. This granularity is essential for

identifying where vulnerabilities lie and how climate stressors may propagate through sectoral systems.

As outlined in our methodology, to capture the complexity and interdependence of climate risk across the
IEM sectors, the Climate Risk and Vulnerability Assessment (CRVA) adopts a hierarchical framework that
evaluates sensitivity at three interconnected levels:

I Sectors p The overarching economic and service domains under consideration linked to IEM.

1 Systemsp Core operational components within each sector, such as power generation facilities,
transport networks, and water supply systems.

1 Nodes p Specific assets, institutions, or operational points within each system, including
reservoirs, substations, road surfaces, data centres, and regulatory bodies.

The following chapter presents a structured overview of the IEM sectors in Kenya, detailing the systems
and nodes that form the basis of the sensitivity analysis. By mapping these components within the
national context, the assessment aims to identify critical exposure points and inform targeted adaptation
strategies.

Infrastructure

The infrastructure sector in Kenya encompasses a diverse array of systems that are foundational to
economic development and public service delivery. For the purposes of this CRVA, the analysis focuses
on five key subsectors, including transport (roads, rail and ports), affordable and social housing, water
and wastewater systems, solid waste management, and ICT/telecommunications. Each of these systems
comprises critical nodes that vary in their sensitivity to climate-related hazards. The following sections
present a structured assessment of these sub-sectors, examining their constituent systems and nodes
in relation to projected climate risks.

Transportnfrastructure

Usbotgpsu!jogsbtusvduvsf!jt!b!dpsofstupof! pg!Lfozb!t!
regional hub linking East Africa to global markets through the Port of Mombasa and major crossborder
corridors. Within this sector, road, rail, andport systems are the most critical sub-systems due to their
role in facilitating domestic mobility of people, goods, and services and supporting regional integration.

Roads

Lfozb!t!spbel!ofuxpsl!jt!bnpoh!uif!nptu!efwfmpqgfeljolF
trunk roads and regional roads, linking major urban centes such as Nairobi, Mombasa, Kisumu, and

Eldoret to each other and to key border crossings with Uganda, Tanzania, Ethiopia, and South Sudan.

These corridors also connect the coast to economically vital inland regions and serve the Northern

Corridor, which B critical for trade with landlocked countries (seeFigure 25).

The network comprises approximately 143,360 km of roads, distributed as follows(HOTOSM, 2025)
Trunk roads: 7,871.8 km

Primary roads: 2,006.2 km

Secondary roads: 8,363.0 km

Tertiary roads: 22,496.9 km

Residential roads: 102,622.4 km

=a =48 a8 -8 -9
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Secondary and tertiary roadsprovide local access and support rural mobility. However, a significant proportion of
these secondary and tertiary roads remain unpaved, increasing vulnerability to climate hazards such as flooding and
erosion.
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Figure 25: Kenyan road network (HOTOSM, 2025)

Key nodes in the road transport suksystem

The road transport sub-system in Kenya comprises a range of nodes that determine its resilience to
climate hazards. These include different road types, including paved asphalt roads, engineered gravel
roads, and nonengineered earth tracks, each with distinct vulnerabilities. Paved roads geneily offer
higher durability but can suffer from heat-induced rutting and structural damage during flooding. Gravel
roads are prone to erosion and loss of bearing capacity under heavy rainfall, while earth tracks often
become impassable during wet seasons,isolating rural communities and disrupting local economies.

Beyond road surfaces, critical infrastructure components such as bridges, culverts, pavements, and

stormwater drains play a vital role in maintaining connectivity. Bridges are highly exposed to scour and

overtopping during floods, while culverts can fail a overflow when blocked by debris, leading to upstream

flooding and road collapse. Pavements and shoulders deteriorate under prolonged saturation, and

stormwater systems often struggle with overflow during extreme rainfall events. River crossings,
bddpnnpebufe!uispvhil!lcsjehft!boelgfssjft!bmpoh! nbkps!
are critical nodes, particularly in floodprone areas. Strategic structures like the Likoni Ferry in Mombasa

and major bridges on the Notthern Corridor are essential for national and regional trade.

Key Sensitivitiesto climate-related hazards

Road infrastructure in Kenyais exposed to a range of climate hazards, with sensitivity varying by node
type and engineering quality:

1 Heavy rainfall and flooding All road types are vulnerable, with impacts ranging from surface
erosion and pothole formation to complete structural failure. Bridges are particularly at risk during
high-flow (flood) events.
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1 Landslides: Triggered by intense rainfall, landslides can obstruct or destroy road segments,

especially in hilly terrain.

1 Stormwater infrastructure: Drains and culverts are susceptible to blockage and overflow,
exacerbating flood impacts on adjacent roads.

A summary of road related nodes andthe hazards and sensitivities associated with thesehazards are

provided in Table 2.

Table 2: Nodespecific hazard sensitivity for Road Systems

Node Hazard

Sensitivity

Extreme temperatures

Prolonged periods of
heavy rainfall

Asphalted roads

Riverine (Fluvial) Flooding

Droughts

Landslides

Prolonged periods of

Unsealed roads .
heavy rainfall

Extreme temperatures
Bridges

Riverine (Fluvial) Flooding
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Extreme temperatures can cause asphalt to
soften, and under pressure from vehicle traffic
(heavily loaded trucks in particular)cause the
road surface to crack, allowing water to penetrate
and weaken the base layersultimately forming
potholes.

Prolonged periods of heavy rainfall can result in
the development of potholes asrainwater
penetrates cracks, weakens the structure below
the road surface, and, combined with traffic
stress, leads to surface collapse and pothole
development.

Prolonged periods of heavy rainfall can also
result in the erosion of soil and gravel on the
edges of roads, ultimately undermining the road
structure and leading to the road edge crumbling.
Riverine flooding can submerge road sections,
tpgufol ps! xbti!bxbz!tuvc(
voefsnjof!fncbolnfout/!
and debris can erode road foundations, cause
pavement uplift or collapse, and result in full
washouts, particularly where roads run parallel to
rivers or cross floodplains.

Prolonged periods of drought can result in the
drying out of soils and shrinkage of clay sub
soils. This sub-surface movement can result in
the cracking of road surfaces which over time will
allow water to penetrate the road surface and
potholes to develop.

Landslides can bury road sections, displace
pavement layers, or destabilize underlying soils.
In steep or saturated terrain, slope failures may
sever road connectivity entirely and require major
reconstruction rather than routine maintenance.
Depending on the surface material applied and
on the nature of the material making up the road,
prolonged periods of heavy rain combined with
mechanical disturbance by vehicles may result in
the road turning to mud and becoming
unpassable.

Extreme heat can also cause bridges to expand,
placing stress on the joints and potentially
leading to structural damage.

Riverine flooding can significantly compromise
bridge safety and functionality by increasing
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scour around piers and abutments, weakening
foundations, and exerting high hydraulic and
efcsjtsjngbdu! gpsdft! pg«
Prolonged high flows or overtopping can
undermine embankments, damage approach
roads, and in severe cases lead to partiabr
complete structural failure.
Depending on the size and structure of the
bridge, extreme winds can pose a major threat to
bridges, through aerodynamic forces that can
Extreme winds induce vibrations, swaying, twisting, and
oscillations in the structure. These effects can
compromise the stability and structural integrity
of a bridge.

Rail

Lfozb!t! sbjinhidez da metertgaufjennetwork and the Standard Gauge Railway (SGR). The
meter-gauge network, operated by Kenya Railways, historically formed the backbone of freight and
passenger transport, connecting Mombasa to Nairobi and onward to Kisumu and Malaba at the Uganda
border. Branch lines extend to regions such as Nanyuki and Magadi, supporting agricultural and industrial
freight.

Ui f! Tuboebse! Hbvhf! Sbjmxbz! ) THS*-! jobvhvsbufe! jo! 31
modernization effort. The SGR currently runs from Mombasa to Nairobi 609 km) and onward to
Objwbtib-!xjui!gmbot!gps! fyufotjpolupxbse! Ljtvnv! boe!
SGR is designed for highcapacity freight and passenger services, reducing travel time and supporting

regional trade along the Northern Wrridor. Electrification of future segments is under consideration to

improve efficiency and reduce emissions.

Pqf sbujpobmmz-! Lfozb!t! sbj m! tzt ufgaugegidfrdsfructurel lintitedmf o hf t !
connectivity beyond trunk routes, and vulnerability to climate hazards. However, ongoing investments aim
to enhance resilience, expand capacity, and imprge reliability for freight and passenger movement.

Key nodes in the railway transport suksystem

Key nodesin the rail transport system include railway lines, bridges, signalling and control equipment,
rolling stock, shunting yards, depots, and stations. In electrified contexts, overhead line equipment would
also be relevant.

Key sensitiities to climaterelated hazards

The above mentioned nodes (components) are variably sensitive to climaterelated hazards, with flooding
and landslides posing the most significant threats. Infrastructure located in flood-prone areas is
particularly vulnerable to inundation, which can damage or destroy tracks, signalling systms, and rolling
stock. The severity of impact depends on the specific node and its design characteristics, but in extreme
cases, flooding can lead to complete infrastructure failure. Similarly, landslides triggered by heavy rainfall
can obstruct or demolish rail lines, resulting in costly repairs and prolonged service disruptions. These
risks underscore the importance of spatial hazard mapping and nodespecific vulnerability assessments.
A summary of rail-related nodes and their associated hazard is provided in

Table 3.
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Table 3: Nodespecific hazard sensitivity for Railway Systems

Node

Hazard

Sensitivity Description

Railway lines

Signalling and
controls

Bridges

Shunting yards

Overhead Line
Equipment
(OLE)

Extreme
temperatures

Flooding

Landslides

Prolonged
heavy rainfall

Flooding

Landslides

Extreme
temperatures

Extreme winds

Flooding

Landslides

Extreme
temperatures

Flooding

Landslides

Extreme Winds

Flooding

Extreme
Temperatures

Steel rails expand and contract with temperature fluctuations.
Fishplate joints allow limited movement, but excessive heat
increases compression forces, risking joint failure. High
temperatures also weaken fastening systems.

Flooding can erode ballast and subgrade materials, destabilize
track alignment, and corrode metal components. Severe
inundation may wash away sections of track and compromise
long-term structural integrity.

Landslides triggered by heavy rainfall can obstruct or destroy
rail lines, damage embankments, and disrupt drainage systems,
leading to service interruptions and costly repairs.

Water ingress can interfere with electrical systems, causing
signal failures, short circuits, and compromised safety
protocols. Vulnerability increases in poorly sealed or lowying
installations.

Submersion of control cabinets and relay boxes can lead to
electrical failure and data loss. Recovery may require full
replacement of affected components.

Landslides can sever cable connections, damage control
infrastructure, and isolate signalling nodes from the network.
Thermal expansion stresses joints and bearings. Chronic
exposure can lead to fatigue in metal components, increasing
the risk of structural failure.

Aerodynamic forces can induce oscillations, swaying, and
torsion. These effects may compromise bridge stability,
especially in longspan or elevated structures.

High river levels and flash floods can scour foundations, weaken
piers, and dislodge structural elements. Debris carried by
floodwaters may impact and damage bridge superstructures.
Landslides near bridge abutments or access roads can
undermine foundations, block approaches, and destabilize
surrounding terrain.

High heat affects mechanical operations, including track
switches and coupling systems. Prolonged exposure may
degrade materials and reduce operational reliability.

Yard tracks and equipment can be submerged, leading to
corrosion, electrical faults, and operational delays. Waterlogged
ground may impair traction and movement.

Yards located near unstable slopes may be affected by debris
flow, obstructing operations and damaging rolling stock or
infrastructure.

Extreme winds can cause conductor oscillation, breakage, and
misalignment of support structures, leading to power outages
and service disruption.

Water ingress into substations and feeder stations can cause
short circuits and prolonged outages.

Heat can cause conductor sagging, reducing clearance and
increasing risk of contact with vegetation or structures.
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Ports

Lfozb!t!gpsu!jogsbtusvduvsf!gmbzt!bldsjujdbm!spmf!jol
hbuf xbz!gps!Fbtu!boe! Df ousbm! Bgsjdb/!Uifl!dpvousz!t!nb
joluiflsfhjpo-1!i bo e mtroatiohg tradesahdScvéd lpngldbcketl aounbriéstsuch as

Uganda, Rwanda, Burundi, South Sudan, and parts of the DRC. Mombasa Port is undergoing significant
modernization to increase its capacity beyond 47 million tons annually, including expansion of container
terminals and dredging to accommodate larger vessels

In addition to Mombasa, Kenya is developing the Lamu Port under the LAPSSET Corridor Project, designed
as a deepwater port to handle bulk cargo and support regional integration with Ethiopia and South Sudan.
Inland water transport is supported by Lake Vidoria ports such as Kisumu, which facilitate trade with
Uganda and Tanzania, and smaller lake ports that serve local economies.

The port system is managed primarily by the Kenya Ports Authority (KPA), which oversees operations,
maintenance, and development. These ports are essential for the movement of agricultural products,

minerals, fuel, and manufactured goods, reinforcingKenya t ! spmf ! bt ! b! sf hj pobm! mphjtt
infrastructure faces challenges such as congestion, aging facilities, and exposure to climate hazards,

particularly in low-lying coastal areas. Recent investments aim to improve resilience through dredging,

berth expansion, and modernization of cargo handling systems.

Key nodes in the railway transport suktsystem

Key nodesinKenyal t ! qpsu! jogsbtusvduvsf!fodpngbtt!b!sbohf! pg!
efficient cargo handling and vessel operations. Berths and quay walls form the structural backbone for
docking and loading activities, while cargo handling equipment such ascranes, gantries, and conveyor
systems enable the transfer of goods between ships and storage areas. Supporting these operations are
storage facilities, including warehouses, container yards, and tank farms for bulk liquids, which are critical
for managing cargo flows. Connectivity to inland destinations relies on access roads and rail links, which
facilitate the movement of goods beyond the port. Safe navigation is maintained through navigation aids
and signalling systems, while reliable operations dependon power supply infrastructure and overhead
line equipment in electrified cargo systems. Finally, drainage and stormwater systems play a vital role in
managing runoff and preventing flooding within port precincts, safeguarding both infrastructure and
operational continuity.

Key sensitivities to climate-related hazards

Port infrastructure is highly sensitive to flooding, storm surges, and extreme winds, which pose the most
significant threats to coastal facilities. Flooding and sealevel rise can damage quay walls, inundate
storage areas, and disrupt power systems. Stormsurges and high winds threaten cranes, gantries, and
overhead line equipment, causing structural failures and operational delays. Extreme temperatures can
affect mechanical systems and accelerate material degradation, while heavy rainfall can overwhelm
drainage systems, leading to localized flooding. Inland ports face additional risks from fluctuating lake
levels and landslides in surrounding terrain. These vulnerabilities underscore the need for spatial hazard
mapping and node-specific adaptation measures. A summary of rail-related nodes and their associated
hazard is provided inTable 4.

Table 4: Nodespecific hazard sensitivity for Port Systems

Node Hazard Sensitivity Description

Inundation and erosion weaken structural integrity;
Flooding prolonged exposure accelerates concrete and steel
degradation.

Berths and Quay Walls iah- is i
Quay Storm Surge High-energy waves a_nd debris impact can damage
quay walls and mooring structures.

Wind-driven waves increase stress on berths and

Extreme Winds .
docking systems.

Cargo Handling : Cranes and gantries vulnerable to tipping or structural
- Extreme Winds LT . s )
Equipment failure; wind gusts disrupt lifting operations.
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Electrical systems in cranes and conveyors short

Flooding circuit when submerged; corrosion accelerates wear.
. Warehouses and tank farms risk inundation, damaging
Flooding : .
o goods and causing chemical leaks.

Storage Facilities :
Extreme Heat affects stored goods and accelerates material
Temperatures degradation in tanks and containers.
Floodin Washouts and erosion disrupt cargo movement;

Access Roads & Rail 9 prolonged saturation weakens pavement.

Links i
Landslides Slopes near port access routes may collapse, blocking

transport corridors.
o i Heavy Rainfall Water ingress damages electronics; visibility issues
g%\ggg'on Aids & vy compromise navigation safety.
[
Extreme Winds Wind displaces buoys and damages signal towers.
Extreme Winds H_|gh w_mds cause conductor oscillation and breakage,
disrupting power supply to cranes.
Overhead Line . Submersion of substations and feeder stations leads
. Flooding . .

Equipment to outages and equipment failure.
Extreme Heat causes conductor sagging, reducing clearance
Temperatures and increasing risk of contact with structures.

Drainage Systems Heavy Rainfall Overload leads to localized flooding; sediment

accumulation reduces capacity.

Affordable and social housing

Access to affordable and social housing plays a critical role in improving individual and community weH

being. Secure housing not only provides shelter but also supports health, hygiene, and educational

outcomes by enabling access to clean water, sanitation, electricity, and protection from environmental

stressors such as heat and disease vectors In Kenya, the provision of affordable housing is central to
jodmvtjwf!efwfmpgnfou! boel!jt!bllfz!qgjmmbs!pg!uif! hpwf
Big Four Agenda. However, this goal is increasingly challenged by climateelated hazards that
disproportionately affect low-income and marginalized populations.

Affordable and social housing developments in Kenya are often situated on loweicost land, which tends

to be more exposed to environmental risks. These locations typically in low-lying areas, floodplains, or
poorly drained terrain, are particularly vulnerable to climate extremes. As climate change intensifies, the
sensitivity of housing systems to hazards such as flooding, heatwaves, storms, sedevel rise, and
droughts is expected to increase, compounding existing vulnerabilities a placing additional strain on

infrastructure and public services.

Several climate hazards pose systemic risks to affordable and social housing including;

1 Flooding: Housing developments in floodprone areas face high exposure to both pluvial and
fluvial flooding. Flood events can damage structural components, disrupt water and sanitation
services, and displace residents.

1 Sealevel Rise: Coastal settlements, particularly in Mombasa and Lamu, are increasingly
threatened by rising sea levels, which can lead to chronic inundation, saltwater intrusion into
groundwater, and permanent loss of habitable land. Informal settlementsnear the shoreline are
especially at risk.

1 Extreme Heat and Heatwaves: Marginalized communities often experience elevated
temperatures due to poor urban design, limited vegetation, inadequate insulation, and lack of
cooling infrastructure. These conditions increase health risks and mortality duringheatwaves.

1 Storms and High Winds: Increased frequency and intensity of storms can damage roofs, walls,
and utility systems, leading to displacement and costly repairs that lowincome households
struggle to afford.
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1 Wildfires: In fireprone regions such as arid and semi-arid counties, housing constructed with
flammable materials like timber or thatch is highly vulnerable. Fire events can destroy homes and
pose serious safety risks.

Key nodes and sensitivities

Affordable and social housing systems consist of multiple interconnected nodes, each with distinct
sensitivities to climate hazards. These nodes include raw materials, construction processes, utility
services (water, sanitation, electricity), and structurd components (foundations, walls, roofs). Table 5
summarizes these nodes and their associated hazard sensitivities.

Table 5: Nodespecific hazard sensitivity for Affordable and Social Housing

Node Hazard Sensitivity Description
Raw materials | Variety Climate hazards may d_|srupt _sup_ply chains, increase production
costs, or reduce material availability.
Extended rainfall can delay construction schedules, cause pluvial
Prolonged flooding at sites, and create unsafe or suboptimal working

Construction

Water and
sanitation

Electricity

Structure p
foundations

Structure p
roof

heavy rainfall

Extreme
temperatures

Prolonged
heavy rainfall

Floods

Floods

Prolonged

heavy rainfall

Floods

Extreme wind

Hail storms

Fire

conditions. Waterlogging may also damage partially completed
structures and materials.

High temperatures reduce construction productivity due to heat
stress risks for workers. Prolonged exposure may also affect
curing times for concrete and compromise material
performance.

Rainfall-induced erosion can expose underground pipework,
increasing the risk of mechanical damage and longterm
degradation.

Flooding can displace or rupture underground water and
wastewater pipes. Severe events may destroy entire networks,
leaving homes without clean water and exposing communities
to raw sewage and contamination.

Flooding can erode and expose underground electrical conduits,
leading to short circuits, equipment failure, and power outages.
Submerged electrical components such as circuit breakers are
highly vulnerable to damage.

Saturated soils and surface runoff can erode foundation bases,
weakening structural integrity. Repeated exposure may lead to
subsidence or uneven settlement.

Fluvial flooding can wash away soil around foundations, leading
to structural instability. In extreme cases, foundation failure may
result in partial or total building collapse.

High winds can dislodge roofing materials such as tiles or
corrugated sheets. Poor construction and lightweight materials
increase vulnerability. Entire roofs may be lost in severe wind
events.

Large hailstones can puncture or shatter roofing materials.
Damage severity depends on material type, with brittle or
lightweight roofs being most susceptible to complete failure.

Roofing materials such as thatch and timber are highly
flammable. Wildfires can ignite roofs directly or via embers,
leading to rapid structural loss. Fireresistant materials and
design are critical for mitigation.

Rapid Climate Risk Assessment and Adaptation Investment Opportunity Méappamfrastructure, Energy Manufacturing 51



Node Hazard Sensitivity Description

Floodwaters can erode supporting foundations and saturate wall
Floods materials. In severe cases, hydrostatic pressure and erosion
may cause wall collapse and total building failure.

Well-constructed brick and mortar walls are generally resilient,
Structure p , but walls built with inferior materials may suffer cracking,
Extreme wind . .
walls detachment of windows or doors, and partial collapse under
high wind loads.

Wall materials vary in fire resistance. Timberfframed structures
Fire are especially vulnerable, while masonry may resist ignition but
still suffer thermal damage and loss of structural integrity.

Water and wastewater

Water and wastewater infrastructure in Kenyaplays a vital role in safeguarding public health, supporting
urban development, and ensuring environmental sustainability. These systems vary significantly between
urban and rural contexts, with centralized treatment facilities serving major cities and deentralized
sanitation technologies more common in peri-urban and remote areas. For the purposes of this
assessment, water supply services and wastewater services are considered separately, as described
below.

Watersupplyservices

Access to safe and reliable water supply in Kenya is concentrated in major urban centers such as Nairobi,
Mombasa, Kisumu, and Nakuru, where centralized treatment facilities operate. These plants typically
employ conventional purification processes including sedimentation, filtration, and chlorination to meet
potable water standards. For example, the Nairobi Water Treatment System, which draws water from the
Ndakaini Dam, supplies millions of residents and has undergone upgrades to improve resilience to climate
variability.

Water utilities such as the Nairobi City Water and SewerageCompany (NCWSQ and regional water
service providers manage extensive infrastructure networks comprising raw water intake systems,
pumping stations, treatment facilities, and distribution pipelines. These systems are critical for urban
water security but are increasingly exposed to climaterelated hazards such as drought, flooding, and
extreme temperatures, which threaten operational continuity and servicedelivery.

Key Nodes in the Water Supply System
Where formal water supply services exist, the system is composed of the following key nodes:

1. Water source: Reservoirs, rivers, or boreholes from which raw water is extracted.

2. Pumping infrastructure: Mechanical systems that convey water to treatment plants and
distribution networks.

3. Treatment facilities: Units for sedimentation, filtration, and disinfection (typically chlorination).

4. Distribution network: Underground pipelines and storage tanks that deliver treated water to end
users.

Each of these nodes is sensitive to climate hazards such as drought (affecting water availability), flooding
(damaging infrastructure), and extreme temperatures (impacting mechanical and chemical processes).

Node Hazard Sensitivity Description

Drought can significantly reduce the water available for
Drought abstraction from rivers. It can also reduce the quality of the water

Water suppl .
pply as contaminants become more concentrated.

rivers
Floods can significantly reduce the quality of water in the river

Flood .
and increase treatment costs.
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Node Hazard Sensitivity Description
Drought can result in reductions in aquifer recharge and
Drought reductions in the quantity of water available to be abstracted
from boreholes.
Intense precipitation can result inincreased percolation of
Intense surface pollutants into shallow, unconfined aquifers, resulting in
Groundwater S ' )
aquifers precipitation groundwater resources becoming contaminated and a danger to
a users.
Sealevel rise can result in the irgression of saline water into
. shallow coastal unconfined aquifers such as the oneinformally
Sealevel rise : . . "
supplying many residents in Dar es Salaam(untreated), reducing
the quality of the water and potentially making itunusable.
Floods can result in significant damage to or complete
. Flood destruction of pumping infrastructure . Floods can also result in
Run-of-river : ; i
UMDS debris and sediment damaging the pumps.
pump Extreme Excessive heat can cause pump motors to overheat, reducing
temperatures operational efficiency and increasing failure risk.
Saturated soils and surface runoff can expose underground pipes
Prolonged T : I .
. through erosion, increasing vulnerability to UV degradation and
heavy rainfall :
mechanical damage.
Distribution Floods Flooding can damage or destroy pipes crossing rivers orexpose
pipe network and damage underground piping located close to rivers.
Extreme High temperatures may accelerate material degradation,
temperatures particularly in plastic piping, and affect joint integrity.
Floods can result in significant damage to or complete
Floods . .
destruction of treatment infrastructure.
Treatment Excessive heat can cause pump motorsand other electrical
facility Extreme equipment to overheat, reducing operational efficiency and
increasing failure risk. Excessive heat can also impact the
temperatures

Waste water services

purification process, with decay of chlorine and other
disinfectants accelerated and losing efficiency.

Centralizedwastewater treatment in Kenyais concentrated in major urban areas, with stabilization ponds
being the predominant technology. These ponds, either aerated or conventional, treat sewage biologically
over extended retention periods.In Nairobi, multiple wastewater treatment plants (WWTPs) operate
within the city limits, including facilities at Dandora and Kariobangi, which process millions of liters of
sewage daily. Other cities such as Mombasa, Kisumu, and Nakuru also rely on municipal sewer systems
that convey wastewater to large stabilization ponds located on the outskirts, supported by pump stations
that manage flow volumes.

For urban households not connected to centralized sewer networks, sanitation is managed through
decentralized systems such as septic tanks and pit latrines. Septic tanks are periodically emptied by
vacuum trucks and transported to WWTPs where available, wile pit latrines are often unmanaged for

extended periods. In rural and perurban areas, wastewater management relies on simpler technologies
including soak-away pits, on-site chlorination at boreholes, and pit latrines, which are more prevalent in
low-density and informal settlements where infrastructure investment is limited.

Kenya is actively pursuing upgrades to its wastewater infrastructure, including plans for modern
treatment plants in Nairobi and Mombasa. These projects aim to incorporateadvanced technologies such
as activated sludge processes, anaerobic digesters for biogas production, andenergy-efficient systems
to reduce operational costs and environmental pollution.
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Key nodes and sensitivities

Wastewater infrastructure in Kenyacomprises distinct nodes with varying sensitivity to climate hazards.
These nodes differ between urban and rural contexts whereby in Urban centres, the nodes includes swer
networks, pump stations, stabilization pondsand in peri-urban and rural areas nodes include septic tanks,
pit latrines. Table 6 below summarizes the climate hazard sensitivities associated with each node.

Table 6: Nodespecific hazard sensitivity for Water and Waste Water

Node Hazard Sensitivity Description
Saturated soils and surface runoff can expose underground pipes
Prolonged N : - .
i through erosion, increasing vulnerability to UV degradation and
heavy rainfall . 2
mechanical damage. Infiltration may also overload the system.
Floods Flooding can inundate sewer lines, causing backflow, pipe
Sewer displacement, and contamination of surrounding areas.
network . . .
Extreme High temperatures may accelerate material degradation,
temperatures particularly in plastic piping, and affect joint integrity.
. Landslides can sever or crush underground sewer lines, leading
Landslides . ) . .
to service disruption and costly repairs.
Fluvial flooding can submerge pump stations, damaging
Floods electrical and mechanical components. Severe events may result
in total equipment loss and building damage.
;:?g)ns Extreme Excessive heat can cause pump motors to overheat, reducing
temperatures operational efficiency and increasing failure risk.
: Landslides may destabilize pump station foundations or destroy
Landslides ;
above-ground infrastructure.
Prolonged Stormwater ingress can exceed pond capacity, leading to
heavy rainfall overflow and discharge of untreated effluent.
Floods Floodwaters may breach pond embankments, releasing
Stabilization untreated sewage and damaging biological treatment processes.
ponds Extreme High temperatures (>35°C) can disrupt aerobic digestion,
temperatures promote algal blooms, and reduce treatment efficiency.
. Landslides can damage pond embankments, disrupt flow
Landslides . . ;
channels, and compromise structural integrity.
Flooding can infiltrate septic systems, causing overflow,
Floods contamination, and structural damage to tanks and soak-away
pits.
. Sealevel riseis accompanied by rising groundwater levels, which
. Sealevel rise . . .
Septic tanks can result in subterranean septic tanks becoming flooded.
Reduced water availability may impair flushing and
Drought o . . .
decomposition processes, leading to odour and hygiene issues.
. Ground movement can crack or displace tanks, leading to
Landslides . s
leakage and environmental contamination.
Flooding can cause latrines to overflow, contaminating nearby
Floods . . . .
Pit latrines water sources and posing serious public health risks.

Sealevel rise

Sealevel rise is accompanied by rising groundwater levels, which
can result in pit latrines becoming flooded.
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Node Hazard Sensitivity Description

Dry conditions may reduce decomposition rates and increase

Drought odour and vector attraction.

Pit collapse or structural failure may occur in unstable terrain,

Landslides . .
rendering latrines unusable and hazardous.

Solid waste

Kenya generates anapproximately 8 million tonnes of municipal solid waste (MSW) annually, equivalent
to 0.4 to 0.8 kilograms per capita per day(NEMA, 2023) On average, each person produces between 146
and 292 kilograms of waste per year. The main waste sources are households (about 60%), followed by
industries and commercial areas (25%), markets (10%), and institutions and street sweeping (5%). Waste
generation in the country is growing at approximately 4p5% annually, driven by urbanization and
population growth.

The composition of MSW in Kenyaconsists predominantly of organic material, with food waste making
up 70p80% and garden wastecontributing significantly to the biodegradablefraction (Fire-Consult, 2023).
Other components include plastics 8p10%), paper (10%6), glass 8%), textiles (2%), metalg1%),and ash
(5%). Hazardousfractions such as e-waste, used leadacid batteries, and waste tiresare also present.
Less than 45%of the waste generated isformally collected, with the remainder disposed of through open
dumping, burning, or informal burial. Household waste storage is often inadequate,relying on salvaged
containers, sacks, and drums.

Solid waste collection in Kenya is carried out mainly by county governments, private companies, and
community -based organizations (CBOs). Nairobi and Mombasa have the highest collection coverage, but
rural and periurban areas remain underserved. Most collected waste is transported to open dump sites
or uncontrolled landfills, such as Dandoradumpsite in Nairobi, which is one of the largest in East Africa.
Engineered landfills are limited and primarily located near major urbarcentres.

Keynodes and sensiivities

The solid waste management system in Kenya comprises several critical nodes, each with distinct
vulnerabilities to climate hazards. Within the collection system, key nodes include depots housing
equipment and vehicles, the collection vehicles themselves, and the workers responsible for waste
collection. These nodes operate under different institutional arrangements, including local government
authorities, private companies, and community-based organizations (CBOs). Once collected, waste is
transported either to an engineered landfill facility, whid are limited and primarily located in major urban
centres such as Dar es Salaam and Arusha, or to wengineered open dump sites, which remain common
in peri-jurban and rural areas.

At engineered landfill facilities, critical nodes include the landfill liner system, which prevents leachate
contamination; the waste body; machinery used for waste distribution and compaction; stormwater
drainage systems; and leachate and methane monitonng and management systems. These components
are highly sensitive to hazards such as extreme rainfall, flooding, heat stress, and fire, which can
compromise structural integrity and environmental safety. In contrast, open dump sites have fewer nodes
however, these nodesinclude the waste body itself and, in some cases, basic machinery for spreading
waste. These sites are particularly vulnerable to flooding, wind dispersal of waste, spontaneous
combustion during heatwaves, and contamination of surrounding soil and water resources

The sensitivities associated with these nodes are summarized in

Table 7, Table 8 and Table 9, which detail how climate hazards such as extreme precipitation, flooding,
heatwaves, fire, and high winds impact operational continuity, environmental safety, and public health.
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Table 7: Nodespecific climate hazard sensitivity for Solid Waste Collection

Node Hazard Sensitivity
Extreme precipitation results in the reduced mobility of
. vehicles as roads around depots, dumps and in collection
Heavy rainfall, . . . .
. . areas become impassable, resulting in delays in collection.
, resulting in pluvial . . .
Collection floodin Extreme rainfall also means that vehicles experience greater
Vehicles g wear and tear and mechanical breakdowns, particularly if
rainfall is accompanied by hail.
Extreme heatmay potentially result in a loss of vehicle
Extreme heat . ) yp y . .
operational time due to older vehicles overheating.
Heat stress can result in reduced productivity and higher
rates of absenteeism. Increased temperatures can also
Extreme heat . . o
result in increases in diseasesas warmer conditions favour
Labour the life cycles of flies and other vectors.
Extreme Labour productivity is reduced as working conditions
- deteriorate. Extreme precipitation and pluvial flooding makes
precipitation _ .
working conditions unsafe.
The most important sensitivity of depots to extreme rainfall
Depots Extreme is that the roads and outdoor working areas become un

precipitation

usable. This reduces productivity and increases maintenance
costs.

Table 8: Node-specific climate hazard sensitivity for solid waste management at improved landfill facilities

Node Hazard Sensitivity
Heat accelerates liner degradation, reducing containment
Extreme heat .
_— effectiveness.

Landfill liner . : PRTI— .
Extreme Saturation and erosion compromise liner integrity,
precipitation increasing leachate leakage risk.

Overheating reduces operational efficiency and lifesparof
Extreme heat : .
L andfill machinery and vehicles
andfi . . =
COMDACLOrS Extreme Machinery can become immobilized by waterlogged
P precipitation terrain resulting in significant loss of productive time.
Fire Equipment damage during landfill fires.
Increased risk of spontaneous combustion during
Extreme heat
prolonged dry spells.
Floods Waste saturation leads to leachate overflow and
contamination.

Waste body . . . . .

wind Dispersal of lightweight waste (plastics, paper) into
surrounding areas.
Fire Combustible waste accelerates fire spread, difficult to
control.

Landfill Floods and

stormwater Extreme Overload leads to flooding and erosion of landfill slopes.

systems precipitation
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Evaporation alters chemical balance, reducing treatment
Extreme heat

efficiency.
Leachate Extreme Increased leachate volume overwhelms treatment
management precipitation systems.
Fire Damage to monitoring equipment and pipes.
Floods Submersion of pumps and tanks disrupts leachate control.

Table 9: Node-specific climate hazard sensitivity for Solid Waste management atopen dump sites.

Node Hazard Sensitivity

Extreme precipitation at dump sites can result in loss of
operational time as roads become impassable and the
Extreme ground and the dump become saturated. Extreme
precipitation precipitation will also result in increased leaching of
pollutants from the dump, threatening ground and surface
water resources
Chronic exposure to high temperatures, especially if
accompanied by extended dry conditions can result in
increased risk of spontaneous combustion of waste by
enabling preheating of waste materials, which can
accelerate self-heating to ignition temperatures.
Large-scale river flooding can inflict significant damage to
dump sites and can result in the transportation of waste
Flooding material away from the dump and into the surrounding
environment. Flooding can also result in damage to
infrastructure such as weigh-bridges.
Dump sites are sensitive to wildfires since a large
Fire proportion of solid waste is combustible. Once a solid
waste dump has ignited, it is very difficult to control.
High wind speeds can result in the transportation of solid
waste like plastic, paper, cardboard etc. as well as dust and
Extreme wind other particulate pollution from the dump to surrounding
areas. This will incur additional costs if waste is to be
retrieved and the aea cleaned.

Extreme
temperatures

Open Dump sites

ICT Telecoms

Lfozb!t! Jogpsnbuj po! boe! Dpnnvojdbujpo! Ufdi opmphz! )JD
development and regional connectivity, supporting digital services, egovernment, financial inclusion, and

trade. The system comprises mobile networks, core networks, and transmission/backhaul systems,

forming an integrated web of physical and digital assets.

Lfozb!t! Obujpobm! Pquj d! Gj c s fgro@ddes drossgbordet lidks tp Jganda,s vd uv s f
Tanzania, Ethiopia, and South Sudan, with planned extensions to the Democratic Republic of Congo

(DRC). International connectivity is enabled through submarine cable landing stations in Mombasa, linking

Kenya to global netwoiks via SEACOM, EASSy, TEAMS, and 2Africa, positioning Kenya as a strategic hub

gps! Fbtu! Bgsjdb!t!ejhjubm!fdpopnz/

The ICT system is managed primarily byKenya ICT Authority and Kenya Power for fiber leasingalongside

private operators such as Safaricom, Airtel, Telkom Kenya, and emerging ISPsMobile networks provide
essential voice, data, and mobile money services, supported by thousands of cell sites nationwide. Core
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networks include data centers and Network OperationCenters (NOCs) operated byboth government and
private firms, with major facilities in Nairobi and Mombasa serving as backbones for e-government and
cloud services. Transmission and backhaul systems consist of terrestrial fiber routes, microwave links,
and international submarine cables. These components are critical for economic growth but face
increasing exposure to climate hazards, particularly in coastal and floodprone areas.

Key Nodes in ICT Infrastructure

KeynodesinKenyb ! t ! JDU!'t ztufn!jodmvef;

1. Mobile Networks: Cell towers, base stations, and hybrid power systems (grid, diesel, solar).

2. Core Networks: Data centes and Network Operation Centes (NOCs) supporting government
platforms, banking systems, and cloud services.

3. Transmission and Backhaul Systems: Terrestrial filve-optic routes, microwave links, and
submarine cable landing stations providing international bandwidth.

Key Sensitivities to Climate Hazards

ICT infrastructure in Kenyais highly sensitive to extreme heat, flooding, intense rainfall, storms, and sea
level rise, which pose significant risks to operational continuity. Extreme heat reduces cooling efficiency
in data centres, shortens battery life, and stresses electronic components. Flooding and heavy rainfall can
inundate cell sites, damage undergroundfibre conduits, and disrupt access roads, while extreme winds
and storms threaten tower stability and antennas. Drought impacts hydropower generation, destabilizing
grid supply and increasing reliance on diesel or solar backups. Coastal landing stations and datcentres
in Mombasa face additional risks from sea-level rise and saltwater intrusion, which can damage critical
equipment and disrupt international connectivity. These vulnerabilities underscore the need for spatial
hazard mapping and nodespecific adaptation measures. Table 10 below summarizes the climate hazard
sensitivities associated with each node.

Table 10: Node-specific climate hazard sensitivity for ICT

Node Hazard Sensitivity Description

Reduces cooling efficiency, shortens battery and
antenna lifespan, and increases maintenance costs.
Inundation damages ground equipment; poor drainage
disrupts access and power supply.

Storms can damage antennas, increase tower collapse
risk, and cause power surges.

Hydropower variability destabilizes grid supply,
increasing reliance on diesel/solar backups.

Elevates HVAC demand by 15 25%, stressing cooling
systems and increasing energy costs.

Risk of site inundation and equipment damage; access
disruption during storms.

Coastal facilities face chronic inundation and saltwater
intrusion.

Extreme Heat
Flooding &

Heavy Rain
Mobile Networks y

Extreme Winds

Drought

Extreme Heat

Core Networks (Data
Centres)

Flooding &
Heavy Rain

Sealevel Rise

Transmission &
Backhaul

Submarine Cable
Landing Stations

Flooding &
Riverine Floods

Extreme Rainfall
Drought

Sealevel Rise

Erodes or exposes buried fibre conduits; damages river
crossings.

Triggers slope failures along fibre corridors, especially
in highland routes.

Ground shrinkage stresses buried cables; power
instability disrupts optical amplifiers.

Chronic inundation and corrosion threaten international
connectivity.
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Node Hazard Sensitivity Description

High-energy waves and debris impact damage landing

Storm Surge .
infrastructure.

Energy

Lfozb!t!fofshz!tfdups!jt!lvoefshpjoh!sbqgjelusbotgpsnbu
growth, urbanization, and industrialization. Despite progress, electricity consumption remains relatively

mpx! dpngbsfe! up! hmpc b m! dnmubl glectridity donsumptiorBwias apprdxilndtetyz b ! t

191 kWh per capita, compared to a global average of over 3,000 kWh. Access to electricity has improved

significantly, reaching 76p 77% nationally, with urban areas near universal access (97100%) and rural

areas around 68%. The government aims to achieve universal access by 2030, supported by laregeale

infrastructure projects under Kenya Vision 2030 and the Last Mile Connectivity Project (LMCP), which has

already connected over 746,000 households and contimes to expand nationwide.

Energy consumption by sector is dominated by households, which account for over 70% of total energy
use, primarily through biomass (firewood and charcoa) for cooking. Industry represents 16%, transport
12%, and agriculture 4%, while commercial and public services account for about 2%. This heavy reliance
on biomass, over 60% of total energy supply poses environmental and health challenges, including
deforestation and indoor air pollution.

Gps!bobmzujdbm!dmbsjuz-!'"Lfozb!t!fofshz!tfdups!dbo! cf!

1 Generation p Facilities producing electricity from geothermal, hydropower, wind, solar, and
thermal sources.

1 Transmission and Distribution p Networks delivering electricity to endusers, including
substations, transmission lines, and distribution systems.

This separation reflects differing infrastructure elements and vulnerability profiles. Generation facilities
face hazards related to resource availability (e.g., river flows for hydropower geothermal reservoir
stability), while transmission and distribution networks are exposed to geographically dispersed risks
such as extreme weather, flooding, andheat stress.

Generation Capacity and Mix

Lfozb!t!jotubmmfe! hfofsbujpo! dbqgbdj uzTabletll, hemisipyj nbufr
dominated by renewable energy sources, making Kenya a leader in clean energy in Africa. The largest

share comes from geothermal (894 MW) and hydropower (810.8 MW), which together account for more

than 70% of total installed capacity. Wind powe contributes 437.5 MW, while solar adds 130 MW, and

thermal generation (diesel and heavy fuel oil) provides 120 MW. This strong renewable portfolio positions

Kenya as one of the most sustainable energy producers in sukSaharan Africa. A map showing the

respective locations of the power generation plants is provided inFigure 26.

Lfozb!t!sfofxbecmf!fofshz!tusbufhz!sfmjft!ifbwjmz!pol!h
and solar. Geothermal plants in Olkaria provide baseload power, ensuring reliability even during dry

seasons when hydropower output may decline. Hydropowerplants along the Tana River and Turkwel

Gorge supply significant capacity, as detailed inTable 12, which lists major hydropower stations and their

installed capacities. For example, Gitaru Hydropower Plant is the largest at 225 MW, followed by Kiambere

(168 MW) and Kamburu (90 MW), all located on the Tana River. Other notable plants include Turkwel

Gorge (106 MW) in the Rift Valley and Wanijii (18 MW) in the Lake Victoria Basin.

Uiftflubecmft!jmmvtusbuf! Lfozb!t!tuspoh!efqgqgfoefodf! po!
resources for baseload generation, highlighting the importance of climate resilience measures for water
availability and infrastructure stability.
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Table 11: Summary of Generating TechnologiesirKenyb ! t | Obuj pobm! Hsj e

Generation type Installed capacity (MW) Percentage
Geothermal 894 37.4
Hydropower 810.8 33.9
Wind 437.5 18.3
Solar 130 5.4
Thermal 120 5.0
Total capacity 2392.3 100
Table 12: Summary of Hydropower Generation inKenya
Name Installed Capacity (MW) Catchment
Gitaru Hydropower 225 Tana River
Kiambere Hydropower 168 Tana River
Kamburu Hydropower 20 Tana River
Masinga Hydropower 40 Tana River
Tana River Hydropower 75 Tana River
Kindaruma Hydropower 72 Tana River
Sangana Falls Hydropower 15 Tana River
Turkwel Gorge Hydropower 106 Turkwel River (Rift Valley Basin)
Wanijii Hydropower 18 Nzoia River Basin (Lake Victoria Basin)
N Rift Valley [N
oLodwar 3
%
. Ewaso Ng'iro GWajir
/ Eldnret‘
) ’ ‘ Lagig@ eﬁapfu;.u,. x ':'g'c\aris'a'
= ictoria [ S x
p o Tana

[ Kenya Border
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} & Wind Q-

Kenya - Major Drainage Basins N

¥ 4
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HydroSHEDS (BAS) - Africa drainage basins (watershed boundaries) at 30s resolution
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Esei, FAO, NOAA, USGS,
Exci, USGS

Figure 26: Locations of large gridconnected power generation installations in Kenya relative to major river
catchments.

Key Nodes and Climate Sensitivities

L f o z énérdy generation system consists of several key infrastructure nodes including geothermal
plants, hydropower stations, wind farms, solar PV farms, and thermal (diesel) generators, each with

unique climate vulnerabilities:
4. Hydropower is highly sensitive to drought, which reduces river inflows andreservoir levels,
limiting generation capacity and triggering load shedding. Floodingcan damage dams, spillways,

60
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and turbines, while sedimentation from heavy rainfall reduces reservoir storage and turbine
efficiency.

5. Geothermal plants are generally resilient but can be affected by extreme heat, which stresses
cooling systems, and flooding, which disrupts access roads and auxiliary infrastructure.

6. Solar PV farms face risks from heatwaves, which reduce panel efficiency and accelerate
degradation, and wind or hailstorms, which can damage mounting structures and panels.

7. Wind farms are exposed to extreme winds, which can damage blades and towers, and dust
storms, which reduce turbine efficiency.

8. Diesel generators and thermal plants face risks from flooding, which can submerge units and
damage fuel storage, and heatwaves, which increase overheating risks and reduce operational

lifespan.

These climate sensitivities, combined with L f o z kellaicé on hydropower and geothermal, make
resilience planning critical for energy security and economic stability. Table 13 provides a summary of
key nodeswithin the power generation sector, as well as thdinked sensitivities to specific climate hazards
that may impact on these nodes.

Table 13: Node-Specific Hazard Sensitivity for Energy Generation

Node Hazard Sensitivity Description
Reduced river inflows lower reservoir levels, limiting
Drought . .
generation capacity.
Floods Excessive rainfall may cause dam overtopping or structural
Hydropower stress, risking equipment damage.
stations _ . Increased runoff accelerates sediment buildup, reducing
Sedimentation . -
storage and turbine efficiency.
Extreme High temperatures increase evaporation and reduce cooling
temperatures efficiency for auxiliary systems.
Floods Flooding disrupts access roads and auxiliary systems,
Geothermal affecting operations.
plants Extreme . . .
Heat stresses cooling systems and auxiliary equipment.
temperatures

Solar PV farms

Extreme heat

Dust storms /
wind

Hailstorms

Extreme winds

Reduces photovoltaic efficiency and accelerates panel
degradation.

Dust accumulation lowers energy output; strong winds may
damage mounting structures.

Physical damage to panels and inverters can result in costly
repairs and downtime.

High winds can damage blades and towers, causing
operational shutdowns.

Wind farms . — . .
Dust reduces turbine efficiency and increases maintenance
Dust storms
needs.
Flooding damages fuel storage areas, electrical systems,
Floods
and access roads.
Natural gas Drought Water scarcity impairs cooling systems, reducing plant
plants g efficiency.
Extreme High ambient temperatures reduce thermal efficiency and
temperatures increase wear on components.
Floods Floodwaters submerge units, causing electrical faults and
Diesel fuel contamination.
generators Elevated temperatures increase overheating risk and reduce
Heatwaves

operational lifespan.
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Fuel supply Climate-induced transport interruptions delay fuel delivery,
disruption especially in remote areas.

Transmission and Distribution

Electricity transmission and distribution are critical components of L f o z goWwetr sector, enabling the
delivery of electricity from generation facilities to end-users across the country. Transmission refers to
the high-voltage transfer of electricity over long distances, typically from generation sites to regional
substations, while distribution involves the lowervoltage delivery from substations to residential,
commercial, and industrial consumers.

L f o ztmahsmission network operates primarily at 220 kV and 132 kV, with some segments at66 kV,
and is managed by theKenya Electricity Transmission Company (KETRACO). Distributiomfrastructure
is overseen by Kenya Power and Lighting Company (KPLC), spanningrban, periurban, and rural areas
and operating at voltages ranging from 33 kV down to 400 V.The transmission infrastructure for Kenya
includes major corridors linking geothermal plants in Olkaria, hydropower stations along the Tana River,
and wind farms in Turkana to national load centers such as Nairobi and Mombasa.

Lfozb!t!hsjel!jt!joufsdpoofdufe! xjui!ofjhicpsjoh!dpvou
enhancing cross-border electricity trade and grid stability. Key interconnections include links to Uganda,

Tanzania, and Ethiopia, supporting regional ef shz! tfdvsjuz/! Eftqjuf! uiftf!
transmission and distribution networks face challenges such as aging infrastructure, limited coverage in

remote areas, and vulnerability to climate hazards The transmission infrastructure for Kenyais illustrated

in Figure 27.

|
Lodwal
&g
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Q Map Compiled by : Pegasys
Data sources:
Power generation: Pegasys 2025
Transmission lines: Africa Infrastructure Country Diagnostics (AICD), 0 100 200 300
_ EsiFAO. | World Bank Group 2009 Km
NOAA USGS | pate Compiled : 22/10/2025

Figure 27: Power generating stations and the modelled locations of national grid power transmission lines (WVorld
Bank Group Data catalogué

Key nodes and sensitivities

L f o zdbettticity transmission and distribution system comprises several critical infrastructure nodes,
each with distinct sensitivities to climate-related hazards. These nodes include substations, high/oltage
transmission lines, distribution transformers, and low-voltage networks. Vulnerability varies depending on
geographic location, design standards, and exposure to extreme weather eventsTable 14 summarizes
the climate hazard sensitivities associated with each distribution node.
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Table 14: Nodespecific hazard sensitivity for Energy Transmission and Distribution

Node Hazard Sensitivity Description

Flooding can submerge electrical equipment,
Floods causing short circuits, insulation failure, and
prolonged outages.

High ambient temperatures may reduce cooling
Substations Extreme temperatures efficiency, leading to overheating and equipment
degradation.

Extreme precipitation as a
proxy for storms /
Lightning

Direct strikes or surges can damage switchgear
and transformers, requiring costly repairs.

Strong winds may cause line sway, conductor

High winds clashing, or pole collapse, disrupting power flow.

Extreme precipitation as a Lightning strikes can induce voltage surges,

Transmission proxy for storms / L2
. . . damaging insulators and conductors.
lines Lightning
Fires near transmission corridors can damage
Wildfires towers and conductors, leading to extended
outages.
Water ingress can compromise insulation and
Floods : . . )
Distribution cooling oil, leading to transformer failure.
transformers Elevated temperatures increase thermal stress,

Extreme temperatures ; . .
reducing transformer lifespan and efficiency.

Inundation of underground cables and surface

Floods mounted components can cause corrosion and
short circuits.

Ground movement associated with desiccation of
Drought soils may sever buried cables or destabilize poles,
leading to localized outages.

Low-voltage
networks

Increased rainfall can accelerate vegetation
Vegetation overgrowth growth, causing contact with overhead lines and
faults.

Manufacturing

Manufacturing contributes approximately 7.6% toL f o z@DPEKNBS, 2023) making it a relatively small
but strategically important component of the economy. The sector is dominated by food and beverage
processing, textiles and apparel, chemicalsand plastics, and cement and building materials, with food
processing accounting for the largest share due toL f o z &trbng agricultural base. The following
subsections outline the manufacturing sector, detailing key hubs and climate hazards that may impact
the broader industry. Potential adaptation and response options are presented in Section 5.

Food Processing andBeverage Manufacturing

Gppe! boe! cfwfsbhf! nbovgbduvsjoh! sfqgqsftfout! uif! mbsh
industry. This subsector plays a pivotal role in supporting food security, nutrition, and employment,
making it a cornerstone of national economic resilience. Its performance is closely tied to agriculture,
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which employs a significant portion of the population. Key inputs include maize, wheat, sugarcane, tea,
coffee, and horticultural crops, with production concentrated in regions such as Rift Valley, Western
Kenya, and Central Highlands. Oilseed crops likewflower and groundnuts support edible oil processing,
while livestock products underpin meat and dairy processing hubs in Nakuru, Eldoret, and Kiambu.

Food and beverage processing activities are concentrated in several industrial hubs

T Objspcj!boe! Uijlbl!tfswf!bt!Lfozb!t! mbshftu!joevtu
Brookside Dairy, CocaCola Beverages Africa, and Bidco Africa.

1 Mombasa specializes in beverage bottling, leveraging port access for imports and exports.

1 Kisumu and Eldoret arekey agro-processing regions for cereals,sugar, andfish products, serving
both domestic and regional markets.

1 Thewestern counties of Kenya(Kakamega, Migori, Busia, Nandi, and parts of the coastal region
specialise in sugar production.Most of the large sugar mills and production facilities are located
in these areas

These hubs form critical nodes inL f o zfdod \talue chain, each with distinct exposure toclimate hazards
such as flooding, drought, and heat stress

Textiles and Apparel

Kenya isactively reviving its cotton sector to support a growing domestic textile and apparelindustry. Key

cotton growing counties in Kenya include Lamu, Homabay, Meru, Siaya, Tana River, Embu, Kitui, Busia,

Makueni, and coastal region counties. Lamu County produes about 63% of Kenya's cotton andis

positioned as a textile hub with local ginning infrastructure. Nairobi serves as the largest cente for

garment assembly and textile finishing, hosting integrated factories and exportoriented apparel

producers under the Export Processing Zones(EP2 program. Other hubs include Thika and Eldoret,

where facilities like Rivatex East Africa Limited support garment manufacturing andniche export markets.
XijmflLfozb!t!dpuupo! pvugvu! sfnbjot! npeftu! dpngbsf e!
driver of economic growth.

Chemicals and Plastics

The chemicals and plastics subsector in Kenya plays a strategic role in driving industrialization and
supporting agricultural productivity. It encompasses the production and blending of fertilizers, industrial
chemicals, and plastic goods for domestic consumption and regionaltrade. Fertilizer blending facilities in
Nakuru and Eldoret contribute to reducingreliance on imports, although Kenya still sources most of its
fertilizer internationally. Plastics manufacturing is concentrated in Nairobi and Mombasa, serving
packaging, construction, and consumer goodsmarkets. However, the sector faces significant challenges,
including inadequate recycling infrastructure and poor plastic waste management, issues that are
increasingly compounded by climate-related disruptions.

Cement and Building Materials

The cement and building materials subsector is a cornerstone of L f o z imdustrial development,
underpinning infrastructure expansion, housing construction, and public works. Leading producers
include BamburiCement (LafargeHolcim), East African Portland Cement, Savannah Cement, and National
Cement, operating integrated plants primarily in Athi River and Mombasa, with emerging developments
in Kitui. These hubs leverage proximity to limestone deposits and tranport corridors to supply both
domestic and regional markets. Demand for cement is expected to grow steadily, driven by major
infrastructure projects such as the Standard Gauge Railwaythe LAPSSET Corridor, and rapidirban
housing developments.
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Figure 28: Key locations for the focal industries of the Kenyan manufacturing sector.

Key Sensitivities to Climate Hazards

L f o zrbhahufacturing sector faces significant climate-related risks that threaten production continuity
and supply chain stability. Drought conditions reduce water availability for industrial processes and
constrain hydropower generation, leading to electricity shortages that disrupt operations.Conversely,
flooding and intense rainfall can damage factory infrastructure, inundate storage facilities, and block
critical transport routes, causing delays in raw material supplyand finished goods distribution. In addition,
extreme heat increases cooling requirements, accelerates equipment wear, andlowers worker
productivity, adding to operational costs. Coastal manufacturing hubs such as Mombasa face heightened
vulnerability from storm surges and sealevel rise, which pose risks to portinfrastructure and export
logistics. These climate hazards underscore the need for robust adaptation strategies, including resilient
jogsbtusvduvsf! eftjho-!ejwfstjgjfel!fofshz!tpvsdft-1!bhb
industrial value chains. Table 15 below summarizes the climate hazard sensitivities associated with key
manufacturing subsectors.

Table 15: Node-Specific Climate Hazard Sensitivity for Manufacturing

Subsector / Node Hazard Sensitivity Description

Reduces water availability for cleaning and processing;

Drought impacts crop supply chains.

Damages storage facilities and disrupts transport of

Food & Beverage Plants| Flooding perishable goods.

Increases spoilage risk and microbial contamination;

Extreme Heat . )
raises cooling costs.

Drought Limits water for dyeing and finishing processes.

Textile Mills & Garment | Flooding Damages machinery and delays raw material transport.

Factories P T
Reduces worker productivity; increases ventilation and

Extreme Heat .
cooling energy demand.
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Energy Hydropower variability during drought halts production;
Disruption increases reliance on diesel.

Risk of chemical spills contaminating waterways;
damages equipment and access roads.

Chemical & Plastic

Plants Flooding

Accelerates equipment wear and chemical degradation;

Extreme Heat . .
raises maintenance costs.

Limits water for cooling and dust suppression; impacts

Drought . )
raw material processing.

Damages stockpiles and transport routes; disrupts supply
chains.

Cement & Building

Material Plants Flooding

Affects kiln performance and increases energy demand

Extreme Heat .
for cooling systems.

Cross-Cutting Risks

Lfozb!t!nbovgbduvsj oh! cuttidgclsté rgsks that threateh aperatibnad Istdbditp t t
boel!tvggmz! di bjo!sftjmjfodf/ ! Bmm!tvctfdupst! efqgfoel]
includes geothermal, wind, and solar, droughinduced hydropower variability and extreme weather

disruptions to transmission lines remain significant concerns. Flooding and severe weather frequently

damage roads and rail networks, delaying the movement of raw materials and finished goods. Water

scarcity during drought periods further constrains industrial processes and cooling systems, driving up

operational costs. Climate hazards also disrupt upstream suppliers and downstream distribution,
compounding supply chain vulnerabilities. Additionally, risirg temperatures increase the risk of heat

stress among workers, reducing productivity and elevating cooling requirements for industrial facilities.
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RISK PATHWAY ANALYSIS

The intersection betweenb ! t z t exposuretto a hazard andnodal levelsensitivity to that hazard is the
foundation of system level risk. Building on the critical nodes identified, this chapter examines how
climate change impacts propagate across Kenya! t ! J FN! t zt uf nsuch bslirbnsporblipks,f t
energy generation, energy transmission, water supply and treatment, waste management, and urban
housing, represent points of potential vulnerability (amongst others). When exposed to a hazard,
vulnerabilities can result in disruptions at these nodes which then often cascade through interconnected
systems, with a single hazard, such as drought or extreme precipitation, simultaneously affecting energy
generation, water supply, transport, and industrial operations. These cascading and crossectoral
impacts can reduce economic output, delay infrastructure projects, and constrain essential services,
highlighting the importance of system-wide risk assessment to inform investment and adaptation
strategies. The following section provides a detailed analysis of these risk pathways, illustrating how
climate hazard-driven risks propagate across the IEM sectors and identifying key vulnerabilities relevant
for investment and adaptation planning.

As a means of concisely illustrating the distribution of sensitivity for each system (assessed in inChapter
3),asensitivityt d psj o h! dispfebentéd hdvedor each system (see Table 16 as an example) In
generating this heat map, each hazardwas considered as a mild event (Mi), a moderate event (Mo) and

a severe event (Se) and the sensitivity of the node to each of these categoriesvas scored as low

sensitivity (1) moderate sensitivity (2) or high sensitivity (3).Note that this scoring is not based on whether

it is likely the nodewould be exposed tothe hazardornotc vu! bt I t ! ui f ! r v fweratopeo! dzLJJ g!
fyqgptfelup!uijt!ib{bs e-lhaddtwntdsperificjhazqrds fabroap classdidatiom ! ¢ f @LJ
is presented of the vulnerability of the node derived from vulnerabilities cascading down from other

sectors (In-Infrastructure, EnEnergy, Ma-Manufacturing and Ag-Agriculture). For example,several ICT

Telecom nodes are vulnerable todrought impacts on hydropower generation in theenergy sector. These
cross-cutting vulnerabilities and are important considerations in this risk assessment. This semi-
gquantitative exercise presents a visual depiction of which are the key vulnerabilties to address in the risk

pathway analysis.

Infrastructure

Transport] Roas

An assessment of the sensitivities of the various nodes in the road transport infrastructure system to
climate related hazards was undertaken. The results of this qualitative assessment araliscussed in detail
in Section3 of thisreport. Foru i f ! sf b e f s ! tahunpricalrépoegehtationfofthis assessmentis
given herein Table 16. The distribution of node sensitivities indicates that the most important hazards for
road transport are flooding, intense precipitation, sealevel riseand extreme temperatures. Therefore, the
sections that follow focus on these climate hazards.

Table 16: Road transport node sensitivities to climate related hazards

Extreme Drought In.te.nsefk Floods Sea-level rise{ Extreme wind| Fire CI’OSS-Cl.Jt-tI.ng
temperature precipitation vulnerabilities
Scale & Severity of the Hazard
System Node s 2 ﬂ s 2 8ls 2 8 | s 2 8ls 2 &8ls 2 8|15 2 & ‘ En | Ma | Ag

Roads  Sealed surfaces 1 2 o 1 2|1 2 2|0 1 2|1 2 0O 0 0O 1 1 2 0 2 0
Unsealed roads butengineeref 0 1 1| 0 1 1| 1 1 1 2 0O 0O O0]J]O 0 O 1 0 0 0
Un-engineered roads 0O 1 1|0 0 01 2 1 1 2 0O 0O O0]J]O O O 0 0 0 0
Stormwater systems o o ojo 1 10 212 1|12 2 2|1 1 2|0 0 O0O|JO0O 0 O 0 0 0 0
Culverts 0O 0o ojJ]oO O oOfO 1 1|1 2 1 1 2(0 0 0|0 O O 0 0 0 0
Bridges 0o 1 2|0 o0 OfO0O 1 1|1 2 i 1 2|0 1 2|0 1 1 0 0 0 0
Side Walk 0 1 1(0o o oOofO0O 1 1|1 2 0O 1 1(0 0 ofo o o0foO 0 0 0
Traffic control (signage) o o ojo o ofjo 1 11 1 1f0 1 1f0 1 1]J0 1 1 0 0 0
Number of system level "High sensitvities" 1 0 8 7 | B 0 0 0 1 0 0
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Fluvialflooding

Riverine(fluvial) flooding poses significant risks to road infrastructure, affecting not only the carriageway
but also associated systems such as stormwater drainage, pavements, signage, and signalling. Although
road construction practices typically aim to avoid flood-prone areas, understanding the actual risk to
Kenyal t ! spbe! ofuxps!l ! sfrvjsft! tqgbuj Keny bnbammoad rietivark
(across all surfaces) was intersected with both the baseline Lin-50-year flood extent (water depths >0.5
m) and the projected 2040p 2060 1-in-50-year flood extent (also >0.5 m)Figure 29. This analysis identified
the road segments most likely to be affected by flooding and quantified how exposure may change under
future climate conditions, as shown in Figure29. It is important to note that baseline flooded roads are
drawn above the projected flood extents, so only the additional road sections inundated under future
climate conditions are visible within the project layer. The corresponding numerical results are provided
in Table 17. Overall, the results indicate exposure across all roactlasses but concentrated in residential
and tertiary levelroads. Thisis spatially concentrated in the Lake Victoria catchmentas well as relatively
high lengths of road flooded along the lower Tana River, lower Ewaso NyiroRiverand along the Athi River.
The differential between baseline and projected flooded extent shows a significant increase (51%) in
length of trunk road flooded, an increase of 16% in sealedoads that are flooded and an overall increase
of 37.4% in length of all road categories floodedunder projected climatic conditions.

It is important to note however that the national scale flood model data used, does not reflect flooding
associated with smaller watercourses very well. This level of flooding is important particularly for
unsealed road surfaces where inundation of any depthis likely to result in the road becoming waterlogged,
damaged and potentially impassable for periods of time. The extent of risk to road infrastructureis thus
likely underrepresented in this assessment.
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AFRICA Risk posed to road transport by river flooding N
Q Extent of flooding indicated as the area with a flood depth of greater than 50cm.
Projected flood area indicates additional area flooded in 1:50 yr event under RCP 4.5

Baseline period 1986 - 2005
Projected period 2040 - 2060
Representative concentration pathway 4.5

Map Compiled by : Pegasys
Data sourced from Lobelia Earth
Date Compiled : 22/10/2025
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Figure 29: Distribution of road exposure to baseline and projected river flooding depths of > 0.5m ienya.
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Table 17: Length of different road surface types and classes (km) located within the 1:50 year flood areas for the
baseline and projected periods

Road surface Flooded Iength (km)- Flooded Igngth Difference Percentage
Baseline (km) - Projected (km) change
Asphalt 31.3 36.4 5.1 16.3
Other 1103.3 1523.0 419.7 38.0
Road class Flooded Iength (km)- Flooded Ifangth Difference Percentage
Baseline (km) - Projected (km) change
Trunk 119.8 181.1 61.3 51.2
Primary 13.6 15.4 1.8 13.2
Secondary 121.7 195.6 73.9 60.7
Tertiary 332.6 449.0 116.4 35.0
Residential 547.0 718.4 171.4 31.3
Grand Total 1134.6 1559.4 424.8 37.4

Pluvial flooding (inteng@recipitation risk pathways

Of all the roadsystem nodes, pluvial flooding caused byintense precipitation will impact unsealed (gravel)
roads most significantly. This will happen primarily through erosion, rutting, and subgrade weakening.
When heavy rainfall falls on gravel surfaces, water infiltrates the gravel and underlying subgrade, softening
the soil and reducing its loadbearing capacity. This often leads to the formation of ruts and potholes as
vehicles deform the softened surface. Runoff from precipitation can wash away the gravel, causing loss
of the protective gravel layer and exposing unstable subsoil.

Additionally, poor drainage exacerbates these effects by allowing water to accumulate, leading to
saturation and increased erosion along the road surface and shoulders. The combined effect is a rapidly
deteriorating road condition marked by rough, uneven sirfaces that increase maintenance needs and
reduce road usability. Engineering solutions such as adequate gravel depth, proper compaction, drainage
structures such as culverts, and use of geotextile reinforcement can mitigate these impacts however,
heavy precipitation remains a primary cause of gravel road degradation

Whilst unsealed roads are notcritically strategic national trunk roads, they areimportant local connecting
routes and loss of local connectivity can negatively impact local service delivery, local trade and
movement of people resulting inlocalised socio-economic impacts. These can ultimately have knock-on
impacts with respect to productivity in the broader economy.

The overlay of the road network and change inthe magnitude and distribution of extreme precipitation
(Figure 30) indicates that the greatest changes in risk to road transport are located in the coastal areas
around Mombasa and in the central-eastern areas around Wajir, though the road density in this area is
low. The roads in the Lake Victoriacatchment around Kisumu see a moderate increase in risk but with a
high road density.
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Figure 30: Overlay of sensitive road infrastructure on the distribution of projected change in exposure to extreme
rainfall

Key insight: Critical transport corridors intersect with areas projected to see significant increases in
rainfall intensity, highlighting vulnerabilities in logistics, trade, and emergency response.

Extreme temperatures

The Kenyantrunk road network is vitally important for the transportation of people and freight across the
country. Heavy goods vehicles in particular are importantas they are the primary means for the
transportation of freight within the country and to export nodes such as the port at Mombasa. Any
impacts to the road network are thus important risks to the economy and the livelihoods of people and
communities.

Extreme temperatures (>35 degrees Celsiug can have significant impacts on asphalt roads in particular.
At these ambient air temperatures, research shows that the asphalt surface temperature may reach 60
to 65°C due to solar radiation absorption(Nicholls, 2001). This elevated pavement temperature has the
following technical impacts:

1 Softening and rutting: At surface temperatures of 60-65°C, the pavement is more susceptible to
permanent deformation or rutting under traffic loads, especially in wheel paths, reducing the
structural integrity over time.

1 Thermal expansion and cracking: Repeated daily cycles of heating and cooling induce thermal
stresses which can cause micro-cracking. Thesecan allow water ingress and deterioration.

I Oxidative aging: Elevated surface temperatures makes the binder brittle, reducing flexibility and
increasing susceptibility to cracks.

1 Reduced Fatigue Resistance: Aging plus daily thermal cycling cumulatively degrade the
gbwfnfou!t!gbujhvf!mjgf!buluiftf!fyusfnf!uf

1 Surface Degradation: Solar insolation greater than ambient temperature catalyzes binder
degradation and surface embrittlement.
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Extreme temperatures are therefore expected to degrade road surfaces and to result in the requirement
for increased maintenance with associated costs and impacts to trade and the economy. Chronic
exposure to extreme ambient temperatures can also result inimpacts to bridges and other supporting
road infrastructure. Large bridges in particular often contain metal components which expand and
contract with fluctuating temperatures. Over time with chronic exposure, this can result in metal fatigue
and a risk of component failure. Increasing exposure to high maximum daily temperaturescan therefore
increase maintenance requirements and associated costs.

The risk posed to the trunk road infrastructure by increasing exposure to extreme temperatures is
illustrated in Figure 31. The highest risk increase areas fall in the lower lying areas of therift valley, but
increases inrisk is evident across most of the eastern and northern parts of the country.Importantly, the
highest road density areasaround Kisumu, Eldoret, Nakuru and Nairobi aréndicated to have a low change
in risk.
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Figure 31: Overlay of sensitive road infrastructure on the distribution of exposure to extreme temperatures

Crosscutting risks

There are limited cross-cutting risks from the energy sector to road transport. The exception is the impact
that any impacts to the energy sector may have on road signalling. With respect to the manufacturing
sector, the vulnerability of the manufacturing processes for raw materials for roads such as cement will
cascade down to increase risk associated with construction and maintenance activities.

Transport Rail

As described in Section 3 of this report, key rail nodal vulnerabilities exist with respect to hazards of
flooding and extreme temperatures. This is illustrated in the rail transport nodal sensitivity heat map in
Table 18. These climate hazards therefore form the focus of the risk pathway analysis. Whilst currently,
no electric locomotives are used, Kenya's Standard Gauge Railway (SGR), which currently runs diesel
powered locomotives, has been designed to allow future electrification through the addition of overhead
electric lines connected to Kenya's national power grid.The sensitivity of an electrified railway systems is
therefore included in this assessment.
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Table 18: Nodal sensitivity heat map for the Kenyan rail transport system

Int
Drought n. e‘nsel* Floods
precipitation

Extreme
temperature

Cross-cutting
vulnerabilities

Sea-level ris% Extreme wind| Fire

Scale & Severity of the Hazard

System Node s 2 ﬂ s 2 31 = S §ls 2 S 2 S| = 2 g|s 2 &Sl m ‘ En | Ma | Ag
Rail Railway lines 1 2 0 1 2|0 0 11 2 1 2 0O 0 1(fo 1 1f o0 0 0 0
Overhead electification o 1 2|0 o of1l2 q 1 2 1 208 o 1 2] 2 oo

Stations / sidings / shuntingyajdst 2 2|0 0 1|1 2 2 /(1 2 1 2 0O 0 1]0 1 2 0 n 0 0

Bridges 0o 1 2|0 o0 OfO0O 1 1|1 2 i1 1 2|0 1 2|0 1 1 0 0 0

Signalling 0O 0 0J]O O O|JO 1 1f1 1 1]J]0 1 1|0 1 1f0 1 1]O0 0 0

Number of system level "High sensitvities" 1 0 1 4 | 2 1 0 0 2 0 0

Flooding

Flood sensitivity of railway systems is high for almost all nodes considered. Analysis of the currentKenyan
railway network against baseline and projected 1:50 year flood extentqfor depths greater than 0.5 m)
shows that exposure of the network is worthy of consideration. Under baseline conditions, approximately
44 km is threatened by the 1:50 year flood eventand this increases appreciably under projected climatic
conditions to 51.8 km (Table 19). Given that the extent of flooding is likely underrepresented in the
national scale model used, the extent of railway line is likely also undefrepresented. Given the sensitivity
of railway to flooding, even limited spatial exposure can lead to disproportionate operational impacts
when key nodesare affected.

Table 19: Extent of flood exposed railway under baseling(1986 p 2005) and projected (2040 p 2060) conditions

Flood exposed length Flood exposed length Change Percentage change
1986 p 2005 2040 - 2060
44.8 51.8 7.0 15.1

Extreme temperature

Rising temperatures and the increasing occurrence of heatwaves present gotential growing systemic

risk to L f o z dail infrastructure. The impacts of thermal stress are most pronounced across track
systems, bridges, sidings, and stations, where material expansion, deformation, and heahduced wear
can affect both operational safety and service reliability. Rising temperatures can also reduce the
conductivity of overhead powerlinesand result in sagging of the lines. This isimportant given Kenyb ! t !
plans for electrification of the standard gauge railway.

Rail steel expands as temperatures rise, creating compressive stresses that can lead to track buckling or
misalignment, particularly on continuous welded rail lines where expansion joints are absent. Even small
deviations in alignment can reduce service sgeds or necessitate line closures. The risk is elevated where
ballast conditions are poor, or maintenance backlogs have weakened lateral restraintSustained exposure
to high temperatures also accelerates rail fatigue, sleeper degradation, and ballast deterioration. Over
time, these processes shorten the service life of the permanent way and increase maintenance costs. In
extreme cases, derailment risk increases if rail warping occurs undetected.

Sidings and yard area often surfaced with compacted gravel or unreinforced concrete, are highly
susceptible to thermal expansion and subgrade deformation. High ambient temperatures can cause
softening of the ground and settlement under static loads, leading to track misalignment and difficulty in
shunting operations. Prolonged heat exposure also affects mechanical components such as switch
points, couplers, and braking systems, particularly where lubrication degrades at high temperatures. This
can impair operational safety and efficiency during hot periods.Stations and passenger service buildings
are exposed to both thermal stress and increased cooling demand. High roof and surface temperatures
can degrade materials such as asphalt, sealants, and roofing membranes, leading to cracking, roof leaks,
and insulation failure. Thermal expansion of concrete platforms can also cause surface deformation or
vertical misalignment, affecting passenger safety and train accessibility. Additionally, elevated
temperatures in unventilated waiting areas can pose heat stress risks for passegers and staff.

Bridges represent critical nodes within the rail system and are particularly vulnerable to thermal expansion
and contraction. High temperatures cause elongation of steel members and expansion of bearings and
joints, which, if not adequately accommodated, @n result in binding, deck misalignment, or joint failure.
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Concrete bridge decks may also experience thermal cracking or spalling, especially where daily
temperature fluctuations are large. Over time, these processes reduce structural integrity and increase
maintenance frequency.

A spatial analysis ofthe extent of risk posed by changingexposure to extreme heat (Figure 32) indicates

thatLf ozb!t! sbjmxbz! tztufn! jt! gsfepnj oboumzmséctiomdtb! mpx !
greatest risk being the lower-lying half of the section between Mombasa and Nairobi. A short section of

the line running to Magadi near Lake Natronon the Tanzanian borderis also at higher risk.
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Figure 32: Overlay ofrail infrastructure on the change indistribution of exposure to extreme temperatures expressed
in terms of increased number of days with a maximum temperature equal to or greater than 39C.

Crosscutting impacts

As with road transport, the onlycross-cutting risk that is likely to significantly impact the operation of the
rail network is that of energy, whereby, interruptions in electricity supply will result in the suspension of
rail serviceson electrified tracks (future risk) but also on non-electrified lines due to the lack of signalling.

Transport Ports

An assessment of the sensitivities of the various nodes in the port/harbour transport infrastructure

system to climate-related hazards was undertaken. The results of this qualitative assessment are
ejtdvttfeljolefubjm!jo! Tfdujpo! 4! pgluijt!sfqgpsu/! Gps!
this assessment is given here inTable 20. The distribution of node sensitivities indicates that the most

important hazards for L f o zport ttahsport system are intense precipitation, flooding, sealevel rise and

extreme wind events. Therefore, the sections that follow focus on these climate hazards.

Table 20: Nodal sensitivity heat map for the Kenyan port transport system.

Cross-cutting
vulnerabilities

Extreme Intense

Di ht L Fi
temperature roug precipitation e

Floods

Sea-level risv{ Extreme wind|

Scale & Severity of the Hazard

[} )

=
m
S

System Node s 2 3ls 2 &8ls 2 8|5 2 8|ls 2 &z 2 & l s 2 8 Ma | Ag

Port Wharf infrastructure 0O 0 O0)JO O oOf1 2 1 2 1 2 0O 0 0|0 0 O 0 0 0 0
Cargo loading equipment (cranesetd) 0 1 2| 0 0 0| 1 2 1 2 1 2 1 2 0O 0 O 0 0 0
Storage facilities 0O 1 2|0 o ofO0 1 2|1 2 1 2 0O 1 2|0 1 2|0 0 0
Navigation aids and signals 0O 1 2]J]0 o0 o0of1 2 0O 1 1f(f0 1 1]1 2 0O 0 0] O 0 0

Number of system level "High sensitvities" 0 0 3 3 | 3 | 2 0 o]l 3]o]o
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Intense precipitation

Intense precipitationismj | f mz! up! jngbdu! | fz! opef tbutpngst sSghifgamtyyu ! t ! p g f
may result in pluvial flooding impacting the working surface of the wharf and its roads, cargo handling

and storage areas and stormwater systems. It may also result in damage to cargo handling equipment

and electrical systems.

An area of risk associated withelevated maximum daily precipitation is indicated near Mombasa, and this
is an important risk to consider given the importance of this port for Kenyan as well as east African trade.

FloodingandSealevel rise

These two hazards are considered together sincesea level rise and fluvial flooding synergistically
increase risk in lowlying coastal areas by amplifying flood hazards beyond their separate impacts. Rising
sea levels elevate the baseline water level along coasts, which reduces the gradient for river wets to
flow into the ocean, causing fluvial flooding to back up and extend further inland. Additionally, higher sea
levels raise groundwater levels, which reduces soil infiltration capacity and exacerbates surface flooding
by limiting the soil's ability to absorb excess water. During extreme weather events, high coastal water
levels combined with elevated river discharge create compounded flooding that reaches higher and lasts
longer, resulting in more severe inundation. This synergy significantly raises ta frequency and severity of
flood events, threatening communities, infrastructure, and ecosystems in vulnerable coastal zonesUnder
storm conditions, flooding can be exacerbated bystorm surge, particularly if this coincides with high tides.

Flood modelling indicates that the fringes of Kilindini Harbour are potentially at risk of inundation under a
1:50 year event(Figure 33). Thiswould likely be exacerbated by an elevated sedevel, particularly during
high tides.

Figure 33: Flood model representation of a 1:50 year flood event indicating minor level of threat to port infrastructure
in Kilidini Harbour.

Affordable and social housing

As described in Section 3, key housing related nodal vulnerabilities exist with respect to hazards of
flooding and extreme temperatures. This is illustrated in the nodal sensitivity heat map in

Table 21, and are further explored in the sections that follow.
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Table 21: Nodal sensitivity heat map for the Kenyansocial infrastructure p affordable housing system

Exireme Drought In.te.nse. Floods Sea-level rise] Extreme wind| Fire ‘ Cross-a.n‘tl.ng
temperature precipitation vulnerabilities
Scale & Severity of the Hazard
System Node s 2 8|ls 2 &[5 2 § | s 2 8ls 2 &8ls 2 8|5 2 8 Al
Housing Raw materials 0O o0 10 1 1|1 2 2|1 2 0O 0 o|O0O O OfO O O 0
Construction (Peopleelemen)| 1 "2 88l o o 1|1 2 1 2 o 1 1[0 1 1|0 o0 1 0| o
Water and sanitation (infrastuy¢ 0 1 1|0 0 0]0 1 1|1 2 o 1 1|0 0 OfO0O 1 1 0 0
Electricity 0o 1 2|0 o OfO0O 1 2|1 2 o 1 1(0 1 2|0 1 2 0 0
Foundations 0o o ofo 1 1(f0 1 1(0 1 2|0 1 0 0 ofo o ofoO 0 2 0
Walls 0o o 10 o 1f0 1 2|1 2 1 2 0O o0 2|0 0 O 0 0 2 0
Roof 0 1 2o 0o ofo 1 11 2 0 1 1/0 1 0O 0 o] oO 0 2 0
Number of system level "High sensitvities" 1 0 1 6 2 | 1 0 4 2 1 0

Flooding

Whilst sensitivity to flooding is very highin all nodes of housing develgpments, spatial analysis using

national scale flood maps shows that the exposure of built-up areas to floods, during a 1:50 yearflood

event, is relatively low. Although this suggests that flood risk is relatively low, itis acknowledged that

exposure to flooding is a difficult hazard to assess at a regional scale, given that fine-scale flood data is

not available at a national scaleand so flood areas associated with smaller watercourses are not well

represented (Figure 34). Scale is important because the difference between severe flood damage and
jogsbtusvduvsf!cfjoh! #ijhil!boelesz!!dbolcf!blgfx! mbuf

Mombasa in particular experiences frequent and varied types of flooding, including pluvial (rainwater),
fluvial (river overflow), and coastal flooding, driven by factors like heavy rainfall, rising sea levels, poor
drainage, and unregulated urban development. Key flooding evestand their impacts include:

1 October 2006: A major flood affected around 60,000 people in Mombasa, severely impacting
infrastructure and communities.

1 April 2016: Floods caused by heavy rains submerged homes in Mombasa, displacing residents
and damaging property.

1 May 8-9, 2017: Intense rainfall of 235 mm within 24 hours resulted in flooding that killed at least
six people and destroyed homes.

1 November 16-20, 2023: Urban flooding brought parts of Mombasa to a standstill, with significant
disruption to transport and daily activities.

Flood-prone areas include the Central Business District, Likoni, Nyali, Kongowea, and Changamywhere

flooding often results in loss of homes, displacement, and heightened health risks due to waterborne
diseases. The flooding problem is exacerbated by obsolete drainage infrastructure, low elevation, and
blockage of waterways by waste. These floodshave resulted in loss of lives and hundreds of homes
submerged or destroyed over the years.

Given 1) the high sensitivity of all housing infrastructure and 2) the propensity of lowincome housing to
be positioned on flood prone areas and 3) the projected increase in maximum daily rainfall (see section
that follows) across Kenya, but particularly around Mombasa, there is a high likelihood that lowincome
housing is potentially far more exposed than the national scale flood analysis suggests. Flooding risk to
affordable and social housing is therefore still an important factor to consider in addressing climate
resilience in the infrastructure sector.
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Figure 34: Example of highdensity housing within close proximity to watercourses outside Nairobi which are not
reflected in national scale flood extent data (Image credit: Bing

Heat andextremeprecipitation impacten construction

Housing construction is an activity that is highly subject to weather conditions. Extreme heatis likely to
result in construction delays due to a reduction in worker productivity whereby work is suspended or
significantly slowed down by temperatures over 35°C. Areas in therift valley, particularly around Lodwar
are likely to be particularly heavily impactedunder projected climatic conditions (2040 p 2060) as areas
with up to 109 additional days with temperatures exceedingthis level are concentrated in theseareas.

Construction activities are also likely to be constrained by heavy rainfallas building sites become
inaccessible by heavy machinery for periods, and activities which require dry conditions such as
foundation work and concrete pouring delayed.

All urban centres are projected to see an increase in thie mean maximum daily rainfall (Table 22). While
these values range up toapproximately 20% (Wajir), areas outside of major urban centres are likely to see
increases of up to 26% Higher lying areas likeNairobi, Nakuru andEldoret are not likely to see similar
increase percentages, although given their high existingvalues,this may in real terms still be a significant
increase inmean maximum daily rainfall.

Table 22: Projected (2040 p 2060) increase in maximum daily rainfall from baseline conditions (1996p 2005) across
the major urban centres of Kenya

Urban area Mean Max daily | Mean Max daily Projected Projected 1in25yr
rainfall (mm) rainfall (mm) difference difference event
1986 - 2005 2040 - 2060 (mm) (%)
Wajir 33.9 40.7 6.8 20.0 82.8
Lodwar 22.2 25.1 2.9 12.9 50.8
Eldoret 36.1 36.6 0.5 1.3 58.4
Kisumu 335 38.1 4.6 13.9 56.3
Nakuru 324 34.3 1.9 5.7 55.1
Nairobi 44.6 48.5 3.9 8.81 84.5
Mombasa 81.7 89.6 7.9 9.7 210.0
Garissa 31.6 36.7 5.1 16.3 69.6
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